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PREFACE 

TO THIRD EDITION 

The applications of the cathode-ray tube are now so wide¬ 
spread that a knowledge of its functioning is essential for the 
communications engineer. The uses to which the device was 
put during the 1939-45 war were so numerous that extensive 
literature has been published dealing with this aspect alone. 

In preparing this third edition it has been necessary to 
decide the extent to which these specialized modern applica¬ 
tions should be dealt with. The original purpose of the book, 
however, was to provide a basic groundwork in the subject, 
and I have felt it best to preserve the comparatively simple 
character of the work. 

The text has been modified in places to allow for changes 
of technique and the removal of obsolescent matter, and addi¬ 
tional material added to cater for the latest developments, 
with references to more extensive literature to permit the 
various ramifications of the subject to be followed in greater 
detail. 

J. H. REYNER 

Boreham Wood 
April, 1947 


PREFACE 

Thu cathode-ray tube has ceaaed to be an expensive luxury 
primarily of academic interest. Improvements in construction 
and reductions in price have brought it into the realm of 
practical measuring equipment. It has the advantage that in 
many caaes it will provide definite information, where pre¬ 
viously inferential methods had to be adopted. Even a simple 
a.o. meter is calibrated with a sinusoidal current and calcula¬ 
tions based on this assumption can be appreciably in error. 

vii 
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viii 

For instructional purposes the modern inexpensive oscillo¬ 
graph has no equal, while practical experience has amply 
demonstrated the robustness and reliability of this form of 
equipment in industrial fields. 

It was felt that a simple book dealing with the practical 
application of cathode-ray tubes would prove of value. 
Matters of tube design have not been discussed, nor has it 
been possible to include data on all possible variants of the 
fundamental methods. An attempt has been made, however, 
to provide a detailed groundwork of the theory underlying 
the circuits involved. 

The treatment is based on practical experience extending 
over many years. The opportunity ’has been taken in this 
revised reprint to include some small additional matter, but 
in the main the treatment remains unchanged and it is hoped 
that the book will continue to pfove of value to all who have 
occasion to use cathode-ray equipment. 

J. H. REYNER 

Boreham W ood 
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CHAPTER I 

TYPES OF OSCILLOGRAPH TUBE 

An osciUograph or oscilloscope is a device for writing or 
tracing an oscillation. Such devices have been known for 
many years. They ^rst took the form of electromagnetic vibra¬ 
tors, which were, in effect, moving coil meters with a small 
mirror attached. A spot of light focused on the mirror was 
reflected on to a scale and as the vibrator moved under the 
influence of current so the spot moved over the scale. 

Any ordinary mechanism, however, is obviously only capable 
of following quite slow variations of current, and if the current 
is varying many hundreds or even thousands of times per 
second, it is clear that very special construction is necessary. 

Up to a point this was successfully achieved by these mechan¬ 
ical methods, but it was not long before attempts were made 
to produce the desired result by purely electrical means. 
Clearly, if this can be done there is a tremendous advantage at 
the outset because the absence of moving parts renders the 
operation of the device practically instantaneous. 

The cathode-ray tube provides the necessary electrical 
mechanism. It produces, in fact, a spot of light which can be 
caused to move in strict accordance with the current or volt¬ 
age in a circuit, even when the current or voltage is changing 
at an extremely rapid rate—some hundreds of thousands or 
even millions of times per second. What is more, the cathode- 
ray tube provides facilities for movmg the spot in two directions 
at once, as we shall see later, and this not only makes it pos¬ 
sible to examine oscillations or waveforms, but supplies the 
means for a whole host of other applications, quite beyond the 
scope of the mechanical oscillograph. 

In consequence, the cathode-ray oscillograph has come into 
use to a surprising extent, not only in the electrical but in the 
industrial field, since it enables an actual picture of events to 

1 
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be obtained speedily and accurately, and while the mechanical 
oscillograph with its somewhat bulky construction and limited 
scope was formerly^ used principally in schools and colleges, 
cathode-ray equipment is found to-day in the test and research 
departments of a large number of enlightened industrial 
concerns. 

Cathode-ray tubes are of two main types—the high- and 
low-voltage variety. In the former, the anode potentials em¬ 
ployed are such that the electrons can be emitted from a cold 
cathode, whereas, in the low-voltage type, a hot cathode is 
employed which emits electrons much more readily, so that 
voltages of a much lower order are required, and the whole 
equipment can be made reasonably portable.. This book deals 
exclusively with the second type. 

Construction of Low-voltage Tube. 

The fundamental features of a low-voltage tube are— 

(а) A heated cathode or filament. 

(б) An anode or gun maintained at positive potential. 

(c) A modulator electrode for controlling the emis.sion. 

(d) Means for focusing the beam. 

(e) Means fur deflecting the beam. 

(/) A fluorescent screen on which the image appears. 

Fig. 1 shows a simple type of tube. It is similar in principle 
to a thermionic valve. The electrode system is enclosed in an 
evacuated glass bulb. When the cathode or filament is heated 
(by passing current through it) small particles of electricity 
called electrons are emitted. Close at hand is an anode on 
which is placed a positive voltage which attracts the electrons 
across the space so that a current flows. This is the normal 
action of the thermionic valve. 

In the cathode-ray tube, the anode is in the form of a disc 
with a hole in the centre and the electrons in this region, 
finding nothing to impede their progress, shoot through the 
anode and continue to travel in a straight line. The tube is 
made elongated and the end is coated on the inside of the^glass 
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with a fine crystalline powder made of chemical salts which 
glow or fluoresce under the impact of electrons. Where the 
electrons strike this fluorescent screen^ therefore, a patch or spot 
of light appears. 

brilliance. 

The brilliance of the light spot depends on the energy 
contained in the electron beam. The fluorescent screen, in 



Fio. 1. Diagram of Simple Cathode-ray Tube 

fact, converts the electron energy into light. To obtain 
sufficient energy the voltage applied to the anode has to be 
greater than is usually adopted for valves, a value between 
500 and 2 000 being customary in oscillograph practice. 

We do not make the voltage higher than necessary to provide 
adequate brilliance, because with high voltages the electrons 
are moving faster and are not as easily deflected from their 
course. In practice we require the beam to deflect under the 
influence of externally applied voltages, as we shall see in the 
next chapter, so that we have to compromise between 
reasonable “sensitivity” and satisfactory brilliance. 

^ Shield. 

Around the cathode is a small cylinder or shield which is 
usually maintained at a small negative potential (though in 
some tubes a small positive potential is used). This provides 
an electrostatic field near the cathode to repel any electrons 



4 


CATHODE-RAY OSCILLOGRAPHS 


which lea vfi thft o Athode in a.diverging direction, and thereby 
concentrates the stream towards the centre.! 


Further increase in the negative bias begins to reduce the 
emission in the same way as the grid of a valve restricts the 
anode current, and if the process is continued far enough the 
emission is completely cut off and the tube ceases to operate. 
A typical tube characteristic is shown in Fig. 2. 

This facility for controlling the emission, and thereby the 
intensity of the light spot on the screen, is often utilized, and 
rdoo of course, the basis of telc- 


^ vision reception. 

I HPocusing. 

Defbcusjng Starts / . 200 ^ The effect of the concentra- 

\/ tion of electrons just ex- 

V g plained is twofold. In the 

Operation / ^ i^'^t place the number 01 

/ ^ electrons in the beam in- 

/ 'g creases so that the spot on the 

y X screen becomes brighter. It 

also resolves itself into a spot 

•—— ---■- instead of an irregular patch, 

•50 -40 -30 -20 •ro 0 . i. i i.- 

CA /w 1 / u owing to the concentration 

Sk,e!d YCtage ^ 

2. Characteris^c of y oscillographic work we 
Soft Cathode-bay Tube . ^ f n 

require this spot to be small, 

brilliant and sharply defined, and therefore we require to carry 
this concentrating process to the maximum. A certain amount 
of focusing can be obtained by suitable adjustment of the 
shield, and also of the filament current if the cathode is of the 


7 -40 -30 -20 -10 0 

Shield Voltage 

Fio. 2. Characteristic of 
Soft Cathode-bay Tube 


directly-heated type, but this will not by itself produce a 
really sharp spot. It is necessary to adopt some additional 
focusing device, and there are two principal methods by which 
this may be done. 

In the first system, a small quantity of inert gas is intro¬ 
duced into the tube, and this considerably assists the focusing 
action, as explained in the next section. In the second method, 
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the electrons which shoot through the hole in the anode are 
subjected to additional external influences which tend to make 
them converge. These external influences may be either 
electrostatic or electromagnetic, though for oscillograph tubes 
the electrostatic type is nearly always employed. 

Oas-focus Tube. 

In the gas-focus type, the tube is first exhausted in the 
normal way to remove the air and occluded gas, as in the case 
of a valve, after which a small quantity of inert gas such as 
argon, helium, or the like is introduced. Gases at a low pressure 
such as this are very easily ionized. This means that the 
electrons in the atoms can be displaced from their normal 
position, so that the atom splits up into a positively-charged 
ion and a free electron. The passage of the electron beam 
through the gas has this effect. As the electrons in the beam 
encounter molecules of gas they ionize them. 

The electrons which are removed from the atoms add them¬ 
selves to the stream. The positively-charged particles or ions 
left behind as a result of the encounter begin to drift back 
towards the cathode, for, being positively charged, they will 
move in the opposite direction to the negatively-charged 
electrons. Such,encounters continue to happen from time 
to time, with the result that the electron stream contains within 
itself a sort of core or nucleus of positively-charged ions. The 
ions are continually endeavouring to recover the electrons 
which they have lost, and they therefore exert a considerable 
attraction for the electrons which consequently cluster round 
this central core in a very compact pencil. 

This concentrating action is entirely automatic and is very 
effective in practice. Experiments show that there are certain 
pressures of gas which are better than others, and also the 
focusing action depends upon the beam current, i.e. the 
number of electrons in the beam.* In practice, we control the 

* See “The Theoretical and Practical Sensitivities of Gas-focused 
Cathode-ray Oscillographs,” by J. T. MacGregor Morris and- J. A. 
Henley. J. Instn. Elect, Engrs., Vol. 75, p. 487. 
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beam current by alteration of the shield potential (and per¬ 
haps the filament current), so that under actual conations of 
use all we do is to adjust these two controls until the spot 
becomes sharp and clearly defined. In a well-designed tube 
operating under correct conditions the spot can be as fine as 
0*25 mm in diameter. 

Merits and Defects of Soft Tubes. 

The soft or gas-filled tube has several advantages which 
render it readily applicable to many problems. It has also 
certain defects which must be taken into account when making 
a choice as to type of tube. 

Its principal advantages are— 

(1) Satisfactory operation at low voltages (300 to 500 volts 
being adequate for most purposes). 

(2) High sensitivity. This is a term related to the ease with 
which the beam may be deflected, causing a movement of the 
spot as discussed in the next chapter. A high sensitivity is 
convenient, though if the tube is too sensitive it is unduly prone 
to external interference. 

(3) Excellent focus and good brilliance of the spot. 

(4) Low first cost. 

The defects of the soft tube are— 

(1) Failure of focus at high deflecting speeds. As the beam 
is moved from side to side under the influence of a deflecting 
force, the ions constituting the core must move with it. 
These ions, however, are relatively heavy, and cannot follow 
the movement of the beam above a certain limiting speed 
which depends upon the nature of the gas used and the 
operating conditions. As a general rule it may be taken that 
A gas-focused tube is perfectly satisfactory for all audio fre¬ 
quencies. but begins to show loss of focus at radio frequencies.^ 

(2) Limited life, owing to the presence of the heavy ions 
within, the bulb. These ions move slowly in the opposite 
direction to the electrons, and ultimately arrive at the cathode. 
Being-heavy, such ions as actually strike the cathode do appre¬ 
ciable damage, and in time the sensitive electron-emitting 
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surface of the cathode is destroyed by this means.* This limits 
the life of a soft tube to a few hundred hours, whereas with 
hard tubes several thousand hours are possible. 

(3) Origin distortion. There is a form of distortion prevalent 
with soft tubes known as origin distortion, which is discussed 
in more detail on page 31. It is not a very serious fault, and 
may be entirely avoided by the use of a special tube construc¬ 
tion as described later. 

(4) Dependence of focus on beam current. The concentrating 
action of the ionic core only holds good at one particular value 
of beam current, so that if the intensity of the beam is altered 


Shield 



Tli(‘ 'lotted lines are line^ ol e(|uipoteiitial. The electrons are 
»lirected alonp the path of th** electrostatic flux, which is at right 
angles to the ilottcd lines. 

by adjustment of the shield bias, the focus is lost. This is not 
greatly important .for oscillographic work but it renders a soft 
tube quite impracticable for normal television systems.t 

Electrostatic Focusing. 

An alternative type of focusing uses a composite **gun** 
instead of the simple disc i)reviously discussed. With this 

* Tlie design of the shield lias an important bearing on this question. 
Not only docs it servo to concentrate the electrons leaving the cathode, 
but it attracts a large proportion of the positive ions, preventing them 
from reaching the cathode. 

t A system in which soft tubes could bo utilized was devised by 
L. H. Bedford and (). S. Puckle. (“A Velocity-modulation Television 
System," J. Instn. FJect. Kngrs., 1934, Wireless Section^ 9, p. 173.) Here 
the intensity of the image was controlled by the spet^d at which the 
spot was moved acTOss the screen. 
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arrangement a succession of anodes is used at increasing 
potentials, and the various electrodes are so arranged that the 
electrostatic fields produced tend to re-direct any electrons 
which have left the centre of the tube. An idea of the con¬ 
centrating, action is shown in Fig. 3. 

Using this form of focusing it is possible to evacuate the 
tube completely, so that the bombardment of the cathode by 

positive ions is practically 
obviated and the life of 
the tube is considerably 
increased. 

For oscillograph tubes it 
is customary to use a two- 
anode arrangement, the 
first anode being maintained 
at a positive potential of 
something like one-quarter 
that of the second or final 
anode. A t}q)ical practical 
tube uses 1 000 volts on 
the main anode and 250 on 
the first anode with about 
50 volts negative on the 
shield. 

It is found that, with a 
simple arrangement of this 
type, the focus and in¬ 
tensity controls are not in¬ 
dependent. The voltage on the first anode affects the beam 
current and hence the intensity, while the adjustment of the 
shield also affects the focus, though to a smaller degree. 
Fig. 4 shows three typical horizontal lines traced out by a 
cathode-ray spot, the top two being incorrect and the third 
correct. 

With a given setting of the focus control, however, variation 
of the voltage on the shield causes a change in brilliance only. 
There is usually some increase in spot diameter with increasing 



Fig. 4. Illustrating Focusing 
OF Spot 


In the top line the focus control is too 
far advanced. In the second, intensity 
is too great, wliile In the third both 
controls are correct. 
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brilliance, so that the focus deteriorates, but the effect is not 
serious over the normal range of intensity. 

As with a soft tube, the application of sufficient negative 
voltage to the shield will cause the spot to black out” com¬ 
pletely. For this reason the shield is often termed the modu¬ 
lator, or sometimes the grid, by analogy with the ordinary 
valve. 

For purposes where a really sharp spot with a practically 
independent focus control is required, a three-anode tube is 
employed. Here, the first and second anode voltages are both 
made variable, although in practice the first anode potential 
is fixed at a convenient figure and the focus is adjusted by 
altering the voltage on the second anode. Owing to the 
presence of the first anode at a fixed potential, it is found that 
the interaction of the focus and intensity controls is much less. 
Recent improvements, however, have rendered this additional 
complexity unnecessary. 

Merits of Hard Tubes. 

The hard or high-vacuum tube has its Bwn particular 
advantage*s wliich may l)e summarized briefly as follows— 

(1) The life of the tube is considerably increased owing to 
the absence of heavy ions bombarding the cathode. 

(2) The focus remains good up to quite high radio 
frequencies. 

(3) It is possible to control the brilliance of the beam 
independently of the focus. 

(4) The image may be “blacked out” momentarily or for 
any desired period by applying negative voltage to the 
modulator. Owing to the absence of gas in the tube this 
action is instantaneous. 

(5) It is possible to make the tube shorter than woffid be 
practicable with a gas-focused tube and this is sometimes 
important. 

The disadvantages of the hard tube are— 

(1) It is necessary to use higher anode voltages since the 
focusing action cannot usually be obtained satisfactorily at 
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low anode potentials. The anode voltage ranges from 750 to 
2 000 in the ordinary hard oscillograph tube. 

(2) In consequence of the higher anode voltage the sensi¬ 
tivity is reduced, though improved manufacturing technique 
has enabled sensitivities to be achieved equal to the gas- 
focused tube. 

(3) Although origin distortion is not present an equally 
objectionable form of distortion known as trapezium distortion 
is liable to be present. This, howev^er, may be obviated by 
the use of special deflecting systems, and the subject is dis¬ 
cussed in detail in the next 




yifmd/ng 


chapter. 

(4) The spot does not re¬ 
main sharply focused over 
the whole screen. This de¬ 
fect can be overcome by the 
use of symmetrical deflecting 
systems as is discussed in 
the next chapter. 


Fig. 5. Illc^strating Position Magnetic FoCUSing. 

OF Coil for Magnetic Focusing ^ ^ 

AND { right ) Construction of It is also possible to focus 

Typical Focusing Magnet the electron stream by plac¬ 
ing a coil round the neck of 
the tube as illustrated in Fig. 5. Any electrons which are 
diverging from the axis of the tul>e will be affected by this 
axial magnetic field, and if the field is sufficient they will 
be bent round and caused to converge on the axis again. 
The actual movement of the electrons in the field is a spiral 
of diminishing radius because in addition to being bent 
round they are given a twisting motion. The net result, 
however, is that they leave the area of magnetic field 
moving inwards towards the axis again, and the angle at 
which each electron converges is proportional to the angle at 
which it was originally diverging. Consequently, all the 
electrons tend to come togetlier at one spot on the axis. 

If the intensity and position of the field are correctly 
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afterglow lasting 10 seconds or more (in the dark). The after¬ 
glow, of course, is very much fainter than the spot itself. 

Double* scrt'ens are sometimes used, the end of the tube 
being coated with twd materials one on top of the other. The 
top coating receives the electron beam and converts the 
energy into light, while the second screen absorbs this light 
and emits a phosphorescence of much longer decay. 

In certain circumstances afterglow is deleterious and it is 
necessary to use screens specially chosen to have negligible 
afterglow. Willemite has a duration of about 8 milliseconds. 
The blue (tungstate) screens are faster still, having durations of 
about 8 microseconds, while zinc sulphide with a small quantity 
of nickel “killer ” added has a completely negligible afterglow.* 

The Skiatron. 

A typ(^ of screen which is useful under certain conditions 
is one which does not emit light but discolours under electron 
bombardment, A screen of ])otassium chloride will display a 
decq) magenta trace where the electron beam has passed, the 
efTeet having an afterglow of many minutes. Since the un- 
alfected material is nearly transparent, it Is possible to place 
a source of light behind the tulx^ and project the image on 
to a large screen. 

Such a device is called a Skiafron. It is described in a paper 
by P. O. K. King and J. F. Gittins. J. Instn. Elfct, Engrs., 
li)4(), Vol. 93, Part IIIA, j). 822. 

Effect of Size. 

Cathode-ray tubes are made in various sizes ranging from 
1 inch to 6 inches screen diameter for oscillographic work, while 
for television purposes still larger screens are employed. The 
size of screen chosen depends very largely on the circumstances 
and is governed by the following considerations. 

* For further details, see “Fluorescent Screens for Cathode-ray 
Tubes,” by L. Levy and D. W. West. J, Instn, Elect. Engrs.^ Vol. 79, 
p. 11, and “Cathode-Hay-Tube Screens for Radar,” by G. F. J. Garlick, 
8. T. Henderson, and R. Puleston. J. Instn. Elect. Engrs., 1946, Vol. 
93, Part IIIA, p. 816. 
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As the size of screen.increases, the length of path traced 
out by the spot also increases. As we shall see in the next 
chapter, the spot of light is caused to trace out a certain 
pattern repeatedly, and if this is done in a satisfactory manner 
the ejBFect on the eye is that of a stationary trace. Actually, 
however, the trace on the screen is not there the whole time, 
but is an illusion produced on the eye by the movement of the 
single S'pot of light which is covering the trace and recom¬ 
mencing the operation in sufficient time to allow the visual 
persistence of the eye to bridge the gap. 

This being the case, the longer the trace made by the spot 
the less will be the apparent brilliance of the pattern unless 
the intrinsic brilliance of the spot is increased. Consequently 
the larger the screen diameter, the higher must be the anode 
voltage applied to the tube. On the other hand, with any par¬ 
ticular electrode assembly there is a certain limiting minimum 
spot size, and clearly if we can retain the same spot size with a 
pattern twice as large we can improve the focus fourfold. 

Screen .size, therefore, is a matter of (•onij)romi8e. The higher 
operating voltage demanded by the larger screen, though not 
in itself a disadvantage, involves a reduced sensitivity as is 
explained in the next chapter, and after a certain point this 
begins to introduce difficulties. The lower limit of screen size 
is reached when the focus of the spot cannot be made fine 
enough. A satisfactory compromi.se for general work is a 
screen of 3 to 4 inches in diameter. 

Recent Developments. 

The 1939-45 war necessitated considerable development 
in cathode-ray-tulx‘ technique. The.se developments, how¬ 
ever, were mainly in applications, the only improvements 
in the tul)e.s l>eing in the direction of l)etter manufacturing 
methods, giving greater uniformity, and in greater knowledge 
and control of screen materials, giving either a specified after¬ 
glow, better contrast, longer life, or some such feature. 



CHAPTER II 

THE OSCILLOGRAPH IN USE 

Having discussed thb general construction of the cathode-ray 
oscillograph tube, we can proceed to a broad examination of 
the manner in which the tube is put to work. It has already 
been mentioned that the spot of light on the screen can be 
caused to move across the screen under the influence of 
externally applied forces. 

Let us consider electrostatic deflection first, since this is the 

1 - 1 

"T ■■■! 

Fig. 7 Fio. 8. If 

Illustrating the Platp:s 
Deflection are too Close 
OF Beam Together the 
Beam will 
Hit the Plates 

more usual method for oscillographic purposes. Two plates are 
arranged one on each side of the beam as shown diagram- 
matically in Fig. 7. If we apply a voltage across these plates 
the beam is attracted towards the more positive plate and 
repeUed from the negative one, so that it changes its course, 
and the spot of light on the screen will change its position. 

The more voltage we apply across the deflector plates, the 
greater will be the deflection of the beam, and in fact the 
movement of the spot is directly proportional to the applied 
voltage. Hence, if we double the voltage on the deflecting 
plates, the movement of the spot will be doubled and if we 
apply a voltage which is continually varying, the spot will 
follow the variations in voltage exactly and instantaneously. 

15 



Fig. a. Illustrating 
Methods of Increasing 
Sensitivity without 
Causing Obstruction 
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Sensitivity. 

The actual movement of the spot depends upon various 
factors in the tube construction and operation. The closer we 
can locate the deflector plates to the beam, the greater will be 
their influence, which is the reason for inserting the plates 
inside the tube instead of mounting the^ externally. They 
cannot be placed too close, however, or the beam, having once 
been deflected, may hit the plate as sliown in Fig. 8, in which 
case it will never reach the screen, and the spot will vanish 
altogether. To avoid this and still enable the plates to be as 
close as possible to the beam, they are often arranged in 
diverging fashion as shown in Fig. 9. 



Fig. 10. A Long Tube has a Greater Sensitivity than 
A Short Tube 

With a given arrangement of deflecting plates, a certain 
angular movement of the beam is provided. Consequently, 
the longer the tube is made the greater is the movement of the 
spot. It is clear from Fig. 10 that if we make the length of 
the tube, from the deflector plates to the screen, twice as long 
we obtain twice the movement of the spot, and for this reason 
a long slender tube is always more sensitive than a short 
stubby one. Practical usage, of course, has to compromise, 
as always, between considerations of space and sensitivity. 

The feal factor which affects the sensitivity is the velocity 
of the electrons in the beam which is directly proportional to 
the voltage on the anode of the tube. Consequently, if we 
double the anode voltage, the sensitivity (the movement 
produced on the screen by a given voltage on the deflector 
plates) will be halved. We shall, of course, gain in brilliance 
(and possibly focus) by virtue of a higher anode voltage, and 
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here again compromise between two conflicting requirements 
is adopted by the tube designer. 

With the tube as purchased by the user, either individually 
or as part of a complete equipment, the tube construction is a 
fixed factor. The length of the bulb, the disposition and 
distance between the deflector plates are all fixed. The only 
factor which is under his control is the anode voltage and this 
is usually not capable of wide variation since the tube is 
designed to operate within certain specified limits. 

The sensitivity of the tube is expressed in the form— 
Sensitivity == kjV mm. per volt. 

Where A: is a constant V volts is the anode voltage. 

A typical electrostatic tube would have a sensitivity of 
250/F, which means that with 500 volts on the anode a voltage 
of one volt applied across the deflector plates would cause a 
deflection of the spot of \ mm. From this we can easily deter¬ 
mine the voltage required to “fill’’ the tube, i.e. to produce a 
deflection spreading right across the screen. If the screen is 
3 inclu‘s in diameter, then we shall require 150 volts across 
the deflector plates to fill the screen. 

It should be noted that this 150 volts is the extreme or 
peak-to-peak value of the applied voltage. It would corre¬ 
spond to an r.m.s. value of 53 volts if the waveform were 
sinusoidal. The relation between peak and r.m.s. or average 
values is discussed in more detail in the next chapter. 

Visual Persistence. 

A suitable oscillating voltage applied to the deflector plates 
will therefore produce movement of the spot. If the oscillation 
is slow, the spot will actually be seen to move up and down, 
but as the oscillation frequency is increased so the movement 
of the spot becomes faster and faster until it becomes too swift 
to be followed, and the visual persistence of the eye causes 
the spot to bo seen in all its various positions at once, providing 
the illusion of a straight line of light. 

This question of visual persistence is important because in 
practically all the applications of the cathode-ray tube we 
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carry out the operation at a very rapid rate, and^jconsequently 
the whole pattern is seen at once. The eye continues to see 
things for a fraction of a second after they have been removed. 
Therefore, a spot on the screen moving rapidly in a hori¬ 
zontal direction will first be seen at the beginning of its move¬ 
ment. A fraction of a second later it will have moved to a 
position slightly to one side and will be observed in its new 
position, but the eye will continue to see it in its original 
position as well, so that it will see two spots close together. 
Following the same argument it ^^ill be clear that the spot is 
seen in every position throughout its movement, so that the 
eye will obtain the impression of a continuous line of light 
irrespective of the fact that the spot is really only in one 
position at any one instant. 

If the spot is also subjected to vertical deflection as wi ll as 
horizontal movement, we shall obtain some form of pattern 
as explained later, and we shall see that by arranging for the 
spot to continue to sweep over the same pattern continuously 
/at a sufficiently rapid rate, we obtain the impression of a 
stationary pattern, and this is the condition in which the tube 
is customaril}’ used. 

Direction of Deflection. 

This line of light may be either horizontal or vertical, 
depending upon which pair of deflector plates has been used. 
It is customary to refer to the deflector plates in terms of the 
deflection they produce, so that the plates which cause a 
vertical movement of the spot are termed the vertical deflector 
plates or sometimes the Y or “work*' plates. It is worth 
noting in passing that the plates themselves are actually 
horizontal, as is obvious from Fig. 7. 

Similarly, the other pair of plates, actually disposed in a 
vertical plane, will produce a horizontal deflection of the spot, 
and would be called the horizontal or X plates. 

Alignment of Tube. 

It should be noted also that the actual direction of move¬ 
ment of the spot depends entirely on the position of t6e tube. 
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The Y plates will only produce a vertical deflection when the 
tube is so located that these plates are absolutely horizontal. 
The tube, therefore, must always be mounted in such a manner 
that it can be rotated sligntly so that the deflection may be 
properly aligned. With an electrostatic tube the two deflec¬ 
tions on the X and Y plates will be accurately at right angles 
to one another, but not necessarily horizontal and vertical. 
The instructions provided with the tube indicate the approx¬ 
imate position of the tube for this to be obtained, but in 
production there is a deviation of perhaps 10 or 15 degrees on 
either side of the normal position, and the tube must be 
capable of rotation to this extent. 

Time Bases. 

A simple deflection, produced by the application of a voltage 
across the A’ or Y plates, is of little value except that it gives 
an indication of the peak value of the applied voltage which is 
sometimes useful. More often, however, we are concerned 
with an actual inspection of the waveform of the voltage 
applied to the tube. Just what is meant by waveform is 
explained in more detail in Chapter III, but the essential point 
is that the voltage applied to the plates is not steady, but is 
changing its amplitude at some regular rate. The simplest 
form of variation is the sine wave in which the voltage rises to 
a maximum, falls to zero, rises to a maximum in the opposite 
direction and falls to zero again, repeating this cycle indefinitely. 

If we wish to examine the exact manner in which this 
variation takes place, we arrange to move the spot on the 
oscillograph sideways, by the application of some voltage to 
the X plates, at the same time as it is being moved up and down 
by the voltage under examination. The process is explained 
diagrammatically in Fig. 11, where it will be seen that b}" the 
time the spot has reached the upper limit of its travel, it has 
also moved a little to one side. When it falls to zero again, 
it has moved still farther to the right. The sideways movement 
continues as the spot travels down to its negative maximum 
and so on until it returns to zero again. 
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Thus the spot actually traces out a waveform on the screen, 
and if the movement of the spot horizontally is strictly pro¬ 
portional to the time, then the waveform traced out by the 
spot will be a faithful record of the variation of the voltage 
with time, which is usually what we require to know. 

The arrangement which causes the spot to move sideways^ 
at a steady rate is called a time base. 

Unfortunately, the time taken for one oscillation is usually 
some very small fraction of a second. Even with the mains 

Spot is I ^ 
fnovinff up 
& down 
between 
these limits 

Spot is a/so moved to one 
side at a steady rate. 

Fio. 11. Illustrating how Waveforms are Traced 

supply used for lighting and power supplies the time of one 
oscillation is only l/oOth of a second, while the oscillations 
encountered in audio-frequency technique may occur as 
rapidly as ten thousand times per second or even more. 
Radio-frequency oscillations recur millions of times per second. 

Synchronism. 

How then are we to look at such extremely rapid waves ? 
Where the phenomenon only occurs once, being what wo call 
a transient, the only available method is to photograph it (or 
to use a delay screen as explained on p. 13), but as it happens, 
most of the waves with which we are concerned are recurrent 
or repeating. In such circumstances wc can cause the spot of 
light on the oscillograph screegjo fly back after it has com¬ 
pleted one wave and commence to trace out the wave again. 
If we arrange that the second and subsequent traces lie 
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exactly on top of the first, then if the process is continued 
indefinitely we shall obtain the impression of a stationary 
trace on the screen. We should say we were looking at exactly 
one wave of the voltage or current under examination,'though 
actually we should be examining the combined effect of a 
large number of waves superimposed. 

This can be arranged by syrichronizing the time base wdth 
the work under examina- ' 
tion. As explained above, ^ 
the time base is the ar-. 
rangement which causes 
the spot to move hori¬ 
zontally across the screen. 

It is discussed in more 
detail in the next chapter, 
where it is shown that /t 
is possible to make the 
time of transit across 
^t h 0 screen an exact 
multiple of the time of 
one wave. Such being the 
case, the various traces all coincide, and we obtain the illusion 
of stationary waves. Fig. 12 is a photograph of a typical 
sine wave, while the effect of insufficient or faulty synchron¬ 
izing is shown in Figs. 31 and 50. 

This is the general technique involved in the 'examination 
of waveforms which is an important part of oscillographic 
technique. In fact, in the early days of mechanical oscillo¬ 
graphs it w^as the only use to which the device was put. 

The cathode-ray tube, however, has numerous other applica¬ 
tions in which a time base is not required. It can be used for 
comparing input and* output voltages of an amplifier or 
network to see whether there is any phase shift or distortion 
(for distortion can be observed by other means than actually 
looking at the wave-form). It can be used for plotting response 
curves of either high- or low-frequency circuits. It can be 
used for the examination of transformer magnetization, for 



Fig. 12. Photogra.ph of Typical 
Sine Wave Trace Showing Two 
Complete Waves 
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frequency comparison and a host of applications. The more 
important of these uses are described in detail in the succeeding 
chapters. 

Magnetic Deflection. 

In some instances it is convenient to produce the deflection 
by magnetic means, for which purpose a coil is located beside 


Fig. 13, A Magnetic Field will Produce Deflection 
AT Hight Angles to the Field 

the tube in such a manner as to pass a magia tic field across the 
neck of the tube, as shown in Fig. 13. This produces a deflec¬ 
tion of the spot at right angles to the direction of the field, 
as shown. 

It is important that the magnetic field shall be uniform, for 
the deflection produced is dependent upon the actual strength 
of the magnetic field. If, for a given current through the 
deflecting coil, the field produced is different at two sides of 
the tube, the sensitivities will differ. 

Consequently, the movement of the spot produced by a 
given current at one side of the screen will be different from 
that of the other. If we are using a time base in a horizontal 
direction to spread out the wave, the pattern produced will 
not be of uniform height but will either increase or decrease in 
depth, giving an effect similar to that of trapezium distortion 
(Fig. 23, p. 34). 

The actual deflection produced by the coils depends again 
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on the length of the tube from the deflecting point to the 
screen. It also depends upon the speed of the electrons, but 
in this case the result is only inversely proportional to the 
square root of the anode voltage. Consequently if the anode 
voltage is doubled we shall require approximately 40 per cent 
more current for the same deflection.* 

We also have a little more under our control in the case of 
magnetic deflection because we can make the shape of the coil 
what we wish. As long as the electron beam is in the magnetic 
field it is continually being deflected, so that if we make the 
axial length of the magnetic field twice as great we shall pro¬ 
duce twice the deflection, always assuming that we do not 
appreciably shorten the distance between the deflecting coil 
and the end of the tube. 


* This difforeneo arises because the deflection of the beam due to 
magnetic forces is dependent on the velocity of the electrons in the 
beam, whereas with electrostatic deflection this is not the case, except 
in respect of the time taken by the electrons to pass through the deflect¬ 
ing field which applies to both forms of deflection. 

With magnetic deflection the force on the beam is Hev where H is the 
deflecting field strength, and c and r are the charge and velocity of the 
electrons. The acceleration a is therefore a = Hevim where m is the 
mass of the electrons. The beam is acted upon for a time t = l/v, I being 
the length of the field (Fig. 14) and the deflection is thus 


= ^{Her/ni) IJv)- 

At the screen this tleflection is multiplied by the ratio —, so that 

the deflection is {Hevlrn) But by ordinary d^mamics the energy 

of an electron — Ee — E being the accelerating (h.t.) voltage, so 

that r® =: 2Eelm^ whence by substitution 

HLl U . 

Deflection = 


The expression quoted in the text is derived from this by inserting 
the actual values of e and the charge and moss of an electron. 

With electrostatic deflection the force on the beam is Fe/d, Y being 
the voltage across the deflector plates and d the distance between them. 
By similar reasoning to the above we obtain a deflection at the deflector 
plates of i(Fe/dm) (f/v)* and at the screen {Veldm) which by 

substitution for v* simplifies to VLll2dE. 

2 (Ti:M 
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The magnetic sensitivity of a tube is usually expressed in 
the form 

Deflection = klf V V mm per gauss 

where I is the length of the magnetic field in cm (see Fig. 14) 
and V is the anode voltage, as before. 

In instances where the magnetic deflection is not quoted, 
it is possible to estimate the deflection produced from the 



Fig. 14. Relevant Dimensions for Estimating Magnetic 
Deflection 


dimensions of the tube and the gun voltage by using the 
formula— 

Deflection == 0*3L//VF cm 

where! and L are as shown on Fig. 14, measured in cm. 

Estimation of Magnetic Field. 

Magnetic sensitivities are quoted in terms of H, the mag¬ 
netic field. This is determined as follows— 

For an air-cored coil the magnetic field produced is given by 

H ~ 1*25 Isjd gauss, where I = current in amperes 

8 ~ number of turns on coil 

d — length of coil in cm (see 
Fig. 14). 

In actual practice, as already explained, it is desirable to 
employ two coils one on each side of the tube so that the field 
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Fig. 15. Types of Yoke for 
Magnetic Deflection 


may be uniform. In this case the two coils help one another, 
and the effective length is a compromise. It is obviously 
greater than the sum of the two coils themselves since 
the arrangement tends to be something equivalent to 
one long coil with the tube stuck through the middle. It is 
not strictly equivalent to this, however, and in practice the 
length may be taken as about 0-7 times the actual overall 
length d. , 

Iron cores are sometimes used for assisting the magnetic 
field, since the arrangement is ob\Tously more efficient if the 
return path of the field is 
completed through an 

iron core, which may be pi pi / \ 

either a simple U-shape - ^( )^ - ( ) 

arrangement or an aniiu- ^ \ \ / J 

lar ring with projecting . — ) 

poles as shown in Fig. 15. i - rr v 

Actually the projecting Magnetic Deflection 

pole pieces are not essen¬ 
tial, except that they simplify the location of the coils them¬ 
selves, but in many instances a plain ring of iron suffices. 
This form of construction is often used for television scanning 
arrangements, the ring being made up of laminations of high- 
permeability low-loss steel. 

For oscillographs special precautions such as this are not 
usually necessary, and if an iron core is required at all, the 
simple U-shaped core is adequate, particularly as magnetic 
deflection is usually only required in one direction. 

When an iron core is used the same formula for the magnetic 
field is employed, but in this case the length d is taken as the 
actual air gap between the pole pieces of the magnet (across 
the tube). The length and width of the coils themselves does 
not matter within reason, though the width of the pole piece 
(along the axis of the tube) is of course important, since this 
determines the sensitivity, as already explained. 

It is most important with magnetic deflection that the 
direction of the magnetic field shall bo correctly disposed 
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relative to any electrostatic deflection in the tube, as otherwise 
the two deflections (one electrostatic and the other magnetic) 
will not be correctly at right angles. This point is illustrated 
in Fig. 24, p. 36. 


Shifts. 

In addition to the variable movement of the spot, due either 
to the work under examination or the time base, it is often 
convenient to be able to produce a permanent deflection of the 
^ spot. Normally the 


■h 600 - 



From Time 
Base 
^Worh'* 


Anode 
—Shield 
^ Cathode 


spot, without any 
deflecting voltages 
on any of the plates 
or coils, w^ill be 
located approxi¬ 
mately in the centre 
of the screen. Due 
to inevitable varia¬ 
tions in production 
it will not be dead 
central, though the 
displacement will 
probably be small. 
Occasions arise, 
however, where one 
requires to start the 

spot from one edge of the screen or even off the screen 
altogether, so that it is only moved on to the screen by the 
application of the work voltage. For this purpose we apply 
what are knowm as shift potentials. 

Most electrostatic tubes are arranged so that all four 
deflecting plates are brought out separately. One plate of 
each pair may be used for the application of the work and time 
base voltages respectively, while the other plate of each pair 
is connected to a potentiometer across a source of supply 
running a little above and a little below the potential of the 
anode or gun. It should be noted that all deflector voltages 


-BOO 


Fio. 16. Circuit for Productno Lateral 
AND Vertical Shifts 
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are arranged relative to the gun or final anode of the tube, and 
a typical arrangement is shown in Fig. 16. Here the shift 
potentiometers can easily be seen, and by moving the slider 
across the potentiometer the voltage can be varied between 
100 volts positive to the gun and 100 volts negative to the 
gun, and the spot will take a permanent deflection to one side 
or the other according to where the potentiometer is set. This 
permanent voltage makes no difference to the deflection pro¬ 
duced by the work, so that if we have an oscillogram on the 
screen, the effect of the 
shift potentiometer will 
simply be to move the 
pattern up and down or 
from side to side. 

In some instances tubes 
are made witli one of each 
pair of deflector plates 
permanently connected 
internally to the gun. In this case the shift must be arranged 
by isolating the live deflector plate of each pair with a con¬ 
denser and a leak. This is usually done in any case, but the 
leak is taken to the shift potentiometer instead of direct to 
the gun. 

Shifts with magnetic deflection are not so easily arranged. 
It is necessary to pass a permanent current through the 
deflecting coil. This may be done by including a suitable d.c. 
voltage in series with the “work” or by a parallel arrange¬ 
ment such as that in Fig. 17. A high inductance choke is 
placed in series with the d.c. source, which may be obtained 
from some part of the oscillograph power supply. The choke 
must present a high im}X‘dance to the frequency under exam¬ 
ination. At the same time the d.c. is prevented from passing 
through the work by the condenser (\ 

Usually, however, magnetic deflection is used as an accessory 
with an electrostatic tube, in which case it is possible to use 
the electrostatic deflector plates for providing the shift and 
the magnetic coils for the deflection. 


Work 


-1 


Voltage 


Deffecior 

Coils 


Fig. 17. Shift Circuit for Use 
WITH Magnetic Deflection 
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Tube Networks. 

We may conveniently consider here a few representative 
circuits of the tube network, i.e. the arrangement for feeding 
the voltage to the various electrodes on the tube and the 
deflector, but not including the time base or work circuit 
which are discussed in the next chapter. 

Fig. 18 shows a simple arrangement suitable for a soft or 
gas-focus tube. The current taken by the tube itself is very 



small—usually something like 50 microamperes (0-05 mA) 
and as there is only one control involved it is quite satisfactory 
to use a “self-bias” arrangement for supplying the voltage to 
the shield. This arrangement, of course, cannot be used if the 
shield has to run positive as is the case with the Standard 4060 
type of tube, but with a negative-shield tube such as the 
Cossor, the arrangement shown is quite satisfactory. Alter¬ 
natively, a potentiometer may be taken across the h.t. supply 
as in the case of the arrangement shown in Fig. 16. 

The current drain being so small, the h.t. supply (Fig. 18) 
is of a very simple character and consists of a half-wave 
rectifier feeding quite a small reservoir condenser. Smoothing 
is obtained by a resistance followed by another condenser. A 
choke is unnecessary because of the very small current drain. 
Even a resistance as high as 0*26 megohm will only drop 12^ 
volts at 60 microamperes. 
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The filament is shown variable, though the need for this 
depends on the tube. In the Standard tube a control of the 
filament is essential to obtain the most satisfactory focus. 
With the Cossor tube it can be left set, but with any soft tube 
it is desirable that the adjustment should be accessible because 



current. Towards the end of the tube life the filament current 
has to be very considerably increased until ultimately it ceases 
to give sufficient emission* and the tube has to be replaced. 

Fig, 19 illustrates a circuit for a hard tube. Here a potentio¬ 
meter is connected across the supply from which the voltages 
for the first anode and shield are obtained. A single condenser 
is also used in place of the two-element filter of Fig. 18. 

* Often before this happens the cathode partially disintegrates and 
acts as two distinct sources, each focusing at a slightly different point 
on the screen, so that a split image results. 
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Ripple Volts. 

The smoothing required depends on circumstances. With 
a single condenser the peak ripple is iJfCy where f is the recti¬ 
fication frequency ( = 50 for a single-wave circuit), C is the 
capacitance, and i is the current drain. The influence of ripple 

on the gun voltage is negligible 
by comparison with the effect on 
the shield. The proportion of the 
full ripple apj^earing between 
shield and cathode is easily 
calculated, and this should not 
exceed about 10 per cent of the 
voltage required to black out the 
spot. 

The current drain is mainly that 
of the potentiometer network 
which is usually made of the order 
of 1mA, so that the small current 
taken by the first anode shall be 
negligible. Otherwise, alteration 
of the intensity control, causing 
changes in tube current, would 
appreciably affect the voltage 
distribution on the potentiometer 
and increase the interaction be¬ 
tween focus and intensity controls. 

If the ripple on the shield is too large a double filter may be 
used, with resistance or choke smoothing. This reduces the 
ripple n times, where n - very nearly, for the circuit 

of Fig. 17, Cl being the capacitance of the second condenser 
and oj being 'IttJ. If R is replaced by an inductance L, the 
improvement factor n ~~ 

Alternatively, the shield itself may be smoothed by connect¬ 
ing a condenser V>etween shield and cathode, preferably with 
a resistance of 01 to 0*5 megohms between the shield and 
the slider of the potentiometer. This will give an improve¬ 
ment of n times on the shield alone, where n = RCo&s before. 



Fig. 20. Moducationt of 
Image Caused by A.C. 
Ripple on Shield 
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The tube in Fig. 19 is indirectly heated, with one side of the 
heater connected to cathode. This is often done internally, 
and care must be taken to ensure that the cathode connection 
is correctly made ; otherwise, if the cathode lead is taken to the 
other side of the heater, the tube will still work, but it will 
have an a.c. voltage equal to the heater volts injected in the 
grid circuit, which will cause the intensity to vary over the 
pattern as shown in Fig. 20. 

Some mains modulation of this type may still be present if any 
a.c. voltage is picked up on the shield. With the circuit shown a 
capacitance current will flow from the bottom end of the h.t. 
winding on the transformer through the tube network in the 
reverse half-cycle (when the rectifier is non-conducting), and 
this often causes modulation hum. It may be avoided by inter¬ 
posing an earth screen between the h.t. and heater windings as 
shown. 

Tube Distortions. 

It has been stated that the deflection produced is directly 
proportional to the voltage on the deflector plates, from which 
one may infer that the picture or pattern presented on the 
screen is an accurate record of the voltage applied. With 
suitable precautions this is true, but there are certain instances 
in which distortion may occur, and it is convenient to examine 
these specific instances at the present point. 

Origin Distortion. 

One form of distortion obtained with soft or gas-focused 
tubes is known as origin distortion, and is due to the fact that 
the sensitivity of the plates is subject to a small change just 
around the centre portion of the tube. On a simple horizontal 
or vertical “scan” no visible effect occurs, but if we apply a 
voltage to both plates at once, we shall obtain a diagonal line 
which should be absolutely straight over the whole of its 
length. Actually with a soft tube it will be found to kink 
slightly in the centre as illustrated in Fig. 21. 

On a waveform this distortion will ])roduce a little kink in 
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the wave as shown on the right of Fig. 21. This, however, 
may easily be detected as due to the tube, since, if the wave 
is shifted laterally, or is allowed to run slowly through the 
screen by adjusting the time-base frequency to be not quite 
a true sub-multiple of the work frequency, the origin dis¬ 
tortion will appear to move up and down the waveform, 
remaining always at the centre of the tube. If the distortion 
were actually due to a deformation of the wave itself, it would, 




Fig. 21. Illustrating Origin Distortion 

of course, always remain in the same relative position on the 
waveform irrespective of the actual position of the wave 
on the screen. 

Origin distortion arises from the presence of the gas in the 
tube which produces a sort of ‘‘space charge” in between the 
deflector plates in consequence of which the sensitivity is 
slightly less at low values of deflecting voltage. It can be 
overcome by adopting special forms of tube construction. 
One method which has been proposed and adopted is to locate 
the electrode system such that it normally projects the spot 
down into one corner of the screen. It can then be brought 
into the centre of the screen by the application of shift voltages 
on each plate, and the tube may then be used in the usual 
manner and will be free from origin distortion, which would 
only occur when the spot is in the comer of the screen, where 
it does not matter. 
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An alternative arrangement used in the Cossor tube is to 
employ a split plate as illustrated in Fig. 22. One plate of 
each pair is made in two portions, and these two portions are 
connected to voltages V volts above and below the gun 
potential. The other plate of the system can then swing over 
the same excursion ± V volts without reversing the electro¬ 
static field between the plates, which avoids the origin dis¬ 
tortion very neatly. If V is the voltage which just deflects the 





Fig. 22. Cossor Split Plate Deflecting System for 
Eliminating Origin Distortion 

spot off the screen full deflection may be used without danger 
of distortion. 

In the diagram, batteries are shown supplying the voltage F, 
for simplicity. In practice, of course, the requisite voltage 
would be picked off the tube netw’ork as is done with shift 
voltages. 

Trapezium Distortion. 

Another form of distortion, encountered principally with 
hard tubes, is known as trapezium distortion. It arises from 
the influence of one pair of deflecting plates on the sensitivity 
of the other pair. The deflecting system, being connected to 
the final anode or gun, affects the velocity of the electrons in 
the beam. Thus, if we have a positive potential on the 
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deflecting plates, the effective h.t. voltage on the tube is 
increased slightly, and the electrons will move faster. 

When the beam passes between the next pair of deflector 
plates the deflection sensitivity, being inversely proportional 
to the electron velocity, will vary with the position of the beam 
so that a given deflecting voltage will produce more movement 
of the spot at one side of the scan than at the other. 



With soft tubes the deflecting voltages are small in com¬ 
parison with the h.t. voltage and consequently this varying 
sensitivity is of negligible account, but with hard tubes, which 
are in general several times less sensitive than soft tubes, 
the effect is appreciable, and towards the positive side of each 
pair of deflector plates the sensitivity drops noticeably. 

The effect is familiar to television workers as one which 
causes the edges of the scan to be trapezium shaped instead 
of at right angles. Its effect in waveform examination is not 
always so obvious. Fig. 23 shows the effect on a waveform 
with trapezium distortion on the horizontal and vertical 
plates respectively. 

One solution of the difficulty is to use a symmetrical deflec¬ 
tion in which one deflector plate of each pair is caused to rise 
in voltage while the other falls in voltage by a similar amount. 
The mean potential is thus maintained unaltered so that the 
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sensitivity of the tube is not affected. This symmetrical 
deflection is obtained by using a push-pull scanning or amplify¬ 
ing arrangement as is shown in the next chapter. 

An alternative method which is finding favour in oscillo¬ 
graphic practice is to use a tube which has a specially shaped 
deflector system. If the deflector plates are not parallel the 
electric field strength vjd will vary. Hence if the plates are 
deliberately tapered so as to produce greater sensitivity at 
one side than at the other, this can be made to offset the dis¬ 
tortion produced by the electrical effect just described. The 
result will be a satisfactorily uniform sensitivity, and this 
arrangement is adopted in some of the Mullard oscillograph 
tubes such as the A41/B4. 

Another method, used in certain RCA tubes, is to intro- 
duee a plate (eoniu'cted to the gun) between the first and 
second pairs of deflector plates. This plate has a slit to permit 
the beam to pass, but it reintroduces a uniform electric field 
and hence causes the electrons to enter the second pair of 
deflecting plates at uniform velocity so that the sensitivity 
is uniform. 

Modern development is tending to increase the sensitivity 
of tubes by special forms of gun construction, and this may 
be utilized to reduce trapezium distortion. The matter, 
however, is one of tube design, and it is necessary for the user 
to ascertain for himself how serious the distortion is under 
the particular conditions of use. 

Loss of Focus. 

Since the focus of a hard tube (electrostatically focused) 
depends upon the relative potentials of the first and second 
anodes it follows that the variation of the effective voltage 
of the second anode due to the voltage on the deflector plates 
will have a defocusing effect. This shows as a thickening of 
the trace at the top or bottom of the waveform, or at one side 
of the image. 

The loss of focus can be quite marked, particularly with a 
short tube which requires large deflecting voltages. It can 
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only be satisfactorily overcome by the use of a balanced (push- 
pull) scan, though it is not serious with a long tube. A partial 
remedy is to feed some of the deflecting voltage on to the first 
anode so that this also rises or fails in potential and the ratio 
of voltage on the two anodes is preserved, but since trapezium 
distortion is usualh’ troublesome before defocusing becomes 
serious this method is not used to any extent. 

The use of the accelerating plate between the two sets of 
deflectors also restricts the defocusing. 


Fio. 24. Distortion Causki> 

BY Vertical Deflection not 
AT Right Angles to Hori¬ 
zontal Deflection 

deflection is being used for the work and an electrostatic deflec¬ 
tion is employed for the time base, it is important to ensure that 
the coils are absolutely co-axial with the horizontal deflector 
plates. 

The deflection produced by the defl(‘ctor ])lates will then be 
horizontal while the magnetic deflection will be at right angles 
to the magnetic field, i.e. vertical. If the two are not accurately 
aligned then the vertical deflection will not be strictly at right 
angles, and the effect shown in Fig. 24 will arise. This is very 
easily recognizable and is cured quite simply by rotating the 
coils relative to the tube until the deflection comes strictly 
vertical. 

Most oscillographs incorporate a cover scale which is ruled 
in squares at right angles to one another, and correct adjustment 
can easily be obtained by first applying a current through ^he 
deflector coils with no voltage on the time base, when a simple 
vertical line will appear on the screen. The position of the 



Magnetic Distortion. 

It has already been mentioned 
that, where magnetic deflection 
is being used, the location of the 
coils must be chosen very care¬ 
fully. If botli scans are magnetic 
then it is only necessary to ar¬ 
range that the two sets of coils 
are correctly at right angles. If, 
as is more usual, the magnetic 
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coils must be altered until this line is truly vertical. The next 
step is to cut off the cui:rent through the coils and apply 
voltage to the time base which should produce a horizontal 
line on the screen, and to rotate the tube itself until this line is 
horizontal. The arrangement is now correctly aligned. 

Another form of magnetic distortion arises when the mag¬ 
netic field is not uniform. This produces an effect somewhat 
similar to trapezium distortion in that the deflection is different 



at the different sides of the tube. The remedy is to dispose the 
deflecting coils symmetrically as already explained. 

Location of Deflecting Coils. 

The deflecting coils should be Just in front of the final 
anode. Cart' must be taken, however, if magnetic deflection 
is us(*d with a tube designed for electrostatic deflection. This 
is sometimes done in one direction, vertical deflection being 
obtainable either electrostatically or magnetically. In such 
a (*ase the coils must be loeated beyond the vertical deflector 
})lates. Otherwise it is possible for the deflection of the beam 
to start before it reaches the deflector plates as indicated at B 
in Fig. 25. If this happens the beam will hit the deflector 
plates b(Tor(' it has been fully deflected, so that the spot wflll 
never reach the to]) of the screen but will be obscured by 
di‘fleetor plate cut-off half-w^ay up. 

It is even possible for the spot to reappear again as at C in 
Fig. 25 when the deflection is such that the beam now' passes 
completely outside the deflector plate. A similar cut-off will 
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appear due to the bottom deflector plate and Fig. 26 illustrates 
an actual photograph of a scan in which this defect was 
present. The cut-off and reappearance of the beam at the top 
of the screen can clearly be seen. At the bottom of the screen 
the beam did not reappear owing to the fact that the bottom 
deflector plate was a little larger than the top plate. 

The remedy for this trouble is to locate the deflecting coil a 
little farther forward, and possibly 
to use smaller deflecting coils, so 
that the magnetic field is more 
concentrated. Tluai the deflection 
of the beam can be limited to the 
region where then* are no obstruc¬ 
tions, and satisfactory results can 
be obtaiiU‘d. 

Stray Fields. 

The [X)ssibility of magnetic de¬ 
flection must always be re mem- 

Pio. 26. Photograph or bered, for it is quite feasible for 

FLECTOR Plate Cut-off deflection to be obtained due to 

stray magnetic fields. The leakage 
field from mains transformers is particularly troublesome in this 
resfiect, and any transformers or smootliing chokes should be 
kept well away from the tube. It is not possible to give any 
hard and fast rule, since the influence of the field naturally 
depends upon its magnitude which in turn depends upon the 
design of the transformer. 

A point which is often overlooked is that the heater wiring of 
any valves, or even the tube itself, may produce appreciable 
magnetic field. All heater wiring, therefore, should twisted. 

In general, the stray magnetic fields from a transformer will 
produce a 50-cycle field across the electron stream, which wiU 
cause a deflection just as if magnetic deflecting coils had been 
used. The direction of this deflection is determined by the 
positions of the components, and it does not follow that it will 
be either horizontal or vertical. 
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Mumetal Shield. 

The best methods of locating and curing hum deflection are 
discussed on p. 82. In many oscillographs, however, the tube 
itself is housed in a cylinder of mumetal, which is a high perme¬ 
ability nickel-iron alloy. 

The effect of the mumetal is to soak up ” the magnetic field 
which prefers to flow within the mumetal owing to its very 



s ) 


Fig. 27. Distortion of Wave Caused by Magnetic 
Induction 


much higher permeability than that of air. Consequently, the 
field never penetrates the shield to any appreciable extent, 
and is therefore unable to affect the tube, and this obviates the 
influence of any stray magnetic fields, whether from the 
instrument itself or neighbouring apparatus. 

The fact that the magnetic deflection may be at any angle 
relative to the normal horizontal and vertical deflection some¬ 
times introduces the most queer deformations. As a matter of 
interest, Fig. 27 shows a bad case. The waveform is a normal 
50-cycle sine wave, but, in addition to the horizontal and 
vertical deflections produced by the time base and the work 
respectively, there is a magnetic deflection at an angle which, 
operating with the other two, has caused the spot to trace 
out the extremely unorthodox path shown. 

Stray magnetic fields may affect the tube in other ways. 
In one case in the writer's experience the earth’s magnetic 
field was sufficient to alter the intensity of the spot as the 
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tube was rotated, a rotation of 90° being sufficient to black out 
the spot completely. 

In other cases an alternating field from a transformer may 
run axially along the tube. This will not produce any deflection 
but will give rise to modulation hum similar to that illustrated 
in Fig. 20. In both instances a mumetal shield overcomes 
the difficulty. 

Faults in Setting Up. 

We can conveniently conclude this chapter with a reference 
to some of the simpler types of fault which can be obtained 
due to mistakes in setting up or operating the tube. Some of 
the faults will be more completely understood when later 
chapters have been perused, while in addition more complex 
t}^es of incorrect indication will be discussed from time to 
time as the occasion ari.ses. 

If, on setting up the tube, nothing happens a good plan is to 
connect all the deflector plates to the gun (i.e. the final anode). 
This may usually be done directly without disconnecting the 
circuit. The voltages to the deflector plates are usually fed 
through isolating condensers with leaks from the deflector 
plates either to the gun or to .shift potentiometers. No damage 
will be done by short circuiting the plates direct to the gun 
with clip leads, or by actual direct connection, but if there is 
any doubt the deflecting terminals should be disconnected 
completely from the rest of the set-up. Then, on .switching 
on and allowing for the tube to warm up, a single .spot should 
be obtained in the centre of the tube. 

The intensity of this spot should be run down with the 
inten.sity control or it should be considerably defocused, 
because if the spot is allowed to remain stationary on the 
screen, the electron bombardment of the fluorescent material 
will produce deterioration and cau.se the material to lose its 
sensitiveness at that particular point. This is known as burning 
the screen, and although visible discoloration niiiy not occur, 
the screen will be less sensitive at that point than else¬ 
where, so that a reduction in brilliance will occur showing 
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as a black mark in the trace if it happens to pass over the 
burnt portion. 

The spot, therefore, should never be left stationary at full 
brilliance for any length of time. It is, indeed, possible to 
produce burns even with a trace, particularly if this is just a 
horizontal or vertical line, if the tube is left running in this 
condition for any length of time at full brilliance, and a burn 
of this type can be more troublesorne than a simple spot burn. 
As far as possible the tube should always be run at as low a 
brilliance as is practicable to produce the required result. 
Certain screens arc more prone to damage than others, 
the photographic (calcium tungstate) type of screen being 
particularly vulnerable. 

If the connection of the deflector plates to the gun does not 
produce the spot as required then the circuit should bo 
e.xamined to make sure that all the connections are correct. 
Some types of tube, for example, have the second anode 
brought out to a terminal at the side, and it is possible for this 
terminal not to be connected. In such circumstances a partial 
etleet may be obtained. The spot may appear but will not 
focus properly and \^dll tend to move about the screen when 
the focus or intensity controls are operated. It is indeed 
possible to obtain waveforms and other traces with the second 
anode disconnected, but in such cases the focus is poor 
and the various controls cause the pattern to move about 
as just described, so that the location of the defect should not 
take long. 

Bulb Charge. 

Another form of defect which will result in no pattern on the 
screen is that of bulb charge. The electrons striking the screen 
cause the crystals to acquire a charge, and unless this can leak 
away rapidly a cloud of electrons forms over the surface of the 
screen preventing any further electrons from reaching it, so 
that no visible trace appears. Often this defect is accompanied 
by a difihiscd brilliance at the sides of the screen, particularly 
if a deflection is applied to one pair of deflector plates by the 
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time base or some other source. The effect may gradually wear 
off, though it often proves very obstinate. 

Certain tubes exhibit the effect more than others, depending 
on the thickness of screen coating and the conductivity of 
the glass, but it is nearly always due to the use of too low 
gun voltage and may be cured by increasing the h.t. on the 
tube anode either momentarily or permanently. 

In general, it may be noted that touching the screen will often 




Fig. 28. Result of Applying Too Much Voltage to 
Deflectou Plates 


The tope of the \N aves are deflected off the .screen and tlie brilliance of 
t he trace is reduced. 


cause the pattern to change its position or even distort the 
wave, due again to bulb-charge. If this effect is marked the 
gun voltage is too low and if any measurements are to be made 
the h.t. voltage should be increa.sed until the effect is negligible. 

Excessive Deflection. 

Fig. 28 illustrates the result of applying to. the tube a vertical 
deflection which is too great. In the case shown a time base 
was used to produce a horizontal sweep, and an ordinary a.c. 
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waveform was applied to the vertical plates, but the value of 
this latter voltage was too great, causing the tops of the peaks 
to disappear beyond the top and bottom of the screen. All 
that can be seen, therefore, is a series of nearly parallel vertical 
lines, being the middle portions of the waves where they cross 
the zero line. 

It will also be noted that the lines are much fainter than 
normal for the icason, explained earlier in the chapter, that 



Fig. jo. Effec t of Running Time Base Too Slowly 
T he individual wave's are indistinguishable. 


the more rapidly the spot moves the less is the apparent 
brilliance, and since at the point where the wave crosses the 
zero line it is moving very rapidly the brilliance is very con 
siderably below normal. The remedy, of course, is to reduce 
the applied voltage to a value which does not deflect the spot 
right off the screen. It may be noted, in passing, that within 
reason, the application of an excess voltage to the deflector 
plates does no damage to the tube. If a very high voltage is 
applied, of course, the insulation some where in the tube itself 
will break down and spark over will occur which may or may 
not damage the tube. 

Incorrect Speed of Time Base. 

Fig. 29 illustrates the effect of operating the time base at 
much too slow a speed. In this case a series of waves is 
obtained, but they are so close together that they cannot be 
distinguished individually, and the result is that the trace 
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resolves itself merely into a broad patch of light spreading 
across the screen. The remedy here is to increase the speed of 
the time base until it becomes a small sub-multiple of the 

frequency under ex¬ 
amination when the 
wave structure will 
be more clearly de¬ 
fined. Sometimes, 
however, the use of 
a band pattern of 
this form is deliber¬ 
ately employed, as 
is explained further 
in Chapter VIII. 

Fig. 30 shows the 
effect of running a 
time base at too 
rapid a speed. Hero, 
the screen in an interval 
portion of tlie complete 



Fig. 30. Effect of Running Time Base 
Too Fast 

Only part of the wave is traced at each stroke. 


the spot moves completely across 
of time corresponding to only a 
waveform. The spot then flies 
back and on its second trace con¬ 
tinues to draw another part of 
the wave, completing the deline¬ 
ation of the complete waveform 
in perhaps five or six sweeps. The 
result is the basket network 
shown. 

It may be remarked, in passing, 
that it is not possible to synchron¬ 
ize the time base at a speed 
higher than the work voltage 
(unless a separate synchronizing 

source is used) and therefore in practice a pattern such as that 
of Fig. 30 would never appear stationary but would bo moving 
through the screen fairly rapidly, giving a confused criss-cross 
pattern. The remedy, of course, is to run the time base slower. 



Fig. 31. Pattern Produced 
WITH Unsyn^hronized Timb 
ITasb 
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Fig. 31 illustrates the effect of no synchronism on the time 
base. The movement of the spot horizontally across the screen 
bears no definite relationship to the time of one waveform, and 
therefore each trace shows some odd fraction of a waveform 
(actually a little over one complete wave in the photograph). 
The successive traces therefore do not lie on top of one 
another, and a confused pattern of waves is obtained. 

When the time base is nearly correct the successive traces 
are only slightly displaced from one another, giving the effect 
of a steady waveform wliich is slowly drifting through the 
screen from one side to the other. As the frequency of the time 
base becomes more removed from the correct speed, this drift 
increases in rapidity and finally becomes so rapid that a 
confused succession of waves appears. 

Self-centring. 

A factor which sometimes puzzles the beginner is the self¬ 
centring action of the normal tube. If a voltage is applied 
directly to the deflector plates, then the spot takes up a 
position dependent upon the voltage applied, and if this is 
steady the spot will remain in this displaced position. Such 
methods of connection are used w^here d.c. potentials have to 
be recorded, but more usually the deflectors are isolated with 
condensers, and high-resistance leaks are connected from the 
deflector plates themselves down to the gun. 

In such circumstances the spot will not retain its displaced 
position indefinitely. The application of a steady voltage to 
the deflecting system will cause the spot to take up its dis¬ 
placed position, and at tlie same time the isolating condenser 
will acquire a charge. This charge, how^ever, will gradually 
leak away through the high resistance leak so that the spot 
will gradually drift back again to its original position. The 
time it takes to do this will depend upon the time constant 
of the isolating system, for a condenser discharging through a 
resistance does not do so immediately but in a gradual manner, 
the actual time depending upon the product of the capacitance 
and resistance. The discharge, in fact, is exponential in 
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character, and is exactly the inverse of the charging of the 
condenser discussed on page 60. 

In practice, the time constant of the isolating condenser and 
its leak should be such that the condenser will not lose more 
than a small fraction of its charge in a time equal to the 
longest time likely to be encountered in practice. If, for 
example, we are not likely to be examining waves of a fre¬ 
quency lower than 50 cycles per second, we should make the 
time constant of the condenser such that it did not lose more 
than about 1 per cent of its charge in one-tenth of a second. 
Even such a time constant, however, would be quite inadequate 
to keep the spot permanently deflected indefinitely, and in the 
matter of a second or two it would restore itself to its original 
position, as we have already described. 

When a phenomenon is being examined which is known to 
be entirely in one direction—for example, a series of impulses 
produced by making and breaking a battery circuit—the tube 
would not show these as all above the horizontal (as repre¬ 
sented by a line across the centre of the tube). It would tend 
to settle down to a concbtion where the pulses would show 
above and below the centre line. 

The subject is discussed in more detail in Chapter IX, for 
there are occasions where we require to make the tube behave 
in a d.c. fashion, at any rate for a fairly long period, but with 
normal operation this self-centring action must always be 
borne in mind. 

Direction of Deflection. 

Another point which must be rcmemliered with a cathode- 
ray tube is that it has no knowledge as to which is positive 
and negative. We may, for example, be exfimining the wave¬ 
form in the anode circuit of a valve amplifier, and obtain a 
figure of the type shown in Fig. 38 (6), p. 55. Such a wave 
would result from bottom-bend distortion due to the fact that 
the valve has too much grid bias, so that on the negative peak of 
the applied grid voltage the anode current is reduced to zero and 
the bottom portion of the waveform is incorrectly reproduced. 
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An exactly similar curve, however, might be produced by 
grid current distortion, in which the valve had too little bias 
so that on the positive peak of the cycle the grid became 
positive, grid current flowed and the amplification was limited 
in consequence. One would, of course, expect such a curve to 
be the other way up, but it will only be so if the voltage is 
applied to the deflector plates in the correct sense. 

In fact, according to the way in which the voltage is con¬ 
nected to the deflector plates, so the curve may appear either 
way up. Therefore, we cannot say merely by inspection 
whether the waveform of the type mentioned represents 
bottom-bend or grid-current distortion. The fact that it is 
the right way up for bottom-bend distortion does not neces¬ 
sarily mean that this is the type of distortion present, since 
we could, by changing over the connections to the deflector 
plates, turn the curve upside down! 

It is, of course, quite possible with any particular oscillo¬ 
graph to determine at once the effect of any voltage. By apply¬ 
ing a positive voltage to the input terminal we can see in 
which direction the spot moves, and once this has been done 
for a particular instrument, the user can distinguish positive 
from negative. 

If an amplifier is introduced between the input and the 
deflector plates of the tube, as described in the next chapter, 
this in itself will automaticalh^ reverse the phase. A positive 
grid voltage applied to an amplifying valve causes an increase 
in anode current which causes an increased voltage drop in 
the anode circuit so that the anode voltage falls, producing a 
deflection in the opposite direction from that which would be 
obtained if the voltage were applied direct to the tube. 

Many oscillographs contain two input terminals, one of 
which goes direct to the deflector plates (through an isolating 
condenser) and the other goes to the input of an amplifier 
which then feeds the deflector plates. The same waveform 
applied to these two input terminals would appear reversed, 
due to the change of phase in the amplifier. 

This point again should always be remembered when 
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examining any form of circuit in which the top and bottom 
of the image are different. A similar ambiguity arises on the 
horizontal plates, though this is often of minor importance. 
It requires attention, however, in certain cases, particularly 
with stationary patterns such as valve curves. 

These are the general points which are likely to give rise 
to bewilderment at the outset. Once they have been appre¬ 
ciated they give no further trouble. Other little difficulties like 
this will be encountered, and will be mentioned from time to 
time in the appropriate place. 

Softness. Effect of Beam Current. 

In a good tube arrangements are made to collect the beam 
electrons and return them to cathode. Otherwise the space 
between the deflector plates will be conducting and this will 
cause deformation of the image, since the deflectors will draw 
current when subjected to a positive potential. To accomplish 
this, most modern oscillograph tubes are coated on the inside 
of the conical portion with “ Aquadag,” a tliin film of colloidal 
graphite, which is connected to the final aiuxU* and acts as 
a collector of the electrons after they have reached (and been 
deflected from) the screen. 

Even so, the effect may .still be present with an asymmetrical 
scan, but with a good tube it is only serious with high imped¬ 
ance input circuits. With a bad tube (particularly of the gas- 
focused type) the effect may be so bad as to require very low 
input impedances which defeats one of the primary advantages 
of the cathode-ray tube. 

This “softness” is characterized by an instability of the 
position of the image and the fact that with no signal applied 
the spot is not central on the screen. The remedy is to reduce 
the impedance between deflector plate and gun. 



CHAPTER III 

WAVEFORM EXAMINATION 

We can now consider in detail some of the applications of the 
cathode-ray tube, commencing with the important one of 
waveform examination. It is helpful in doing so to have a 
clear understanding of the structure of 
"the ordinary oscillation or wave. 

We find in electrical engineering that 
the fundamental waveform encountered 
in a very large number of phenomena is 
what is known as a sine wave, A typical 
example of such a wave is the voltage 
generated by a coil rotating in a uniform 
magnetic field. The voltage induced in 
the coil depends upon the rate at wliich 
the wires of the coil ‘‘cut” the magnetic 
field. This is obviously a maximum when 
the wires are moving exactly across the 
field, and it is zero when the wdres are 
moving parallel with the field (see 
Fig. 32). When the wure is in any other 
position the voltage induced is propor¬ 
tional to that component of its motion 
which is at right angles to the field, 
which can easily be shown to be sin 0. 

This, then, is a fundamental example 
of a sine w^ave, and it is clear that such a voltage will rise to 
a maximum in each direction alternately in a smooth and 
regular manner. We can, in fact, plot the exact form of the 
variation by a graphical method using w^hat we call a rotating 
vector, as shown in Fig. 33. 

If the line OA is assumed to be rotating in an anti-clockwise 
direction at a uniform speed, then if we plot the height of the 
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Fig. 32. Simple 
Alternator 
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point ^4 at successive instants we shall obtain the waveform 
shown on the right. The voltage at any moment is propor¬ 
tional to OA sin 6, where d is the angle through which the 
vector OA has rotated. 

Uniformly varying currents such as these are encountered 
throughout electrical engineering from the a.c. supply brought 
in on the electric light mains, where we have fifty complete 
cycles every second, up to radio-frequency oscillations gener¬ 
ated by wireless transmitters at frequencies of several million 



Fig. 33. Illustkatino FrNDAMENTAi. Oknkuation of Sine 
Wave 


cycles JKT second. Spc^ech and music involve oscillations 
within a range from 50 to 16 000 cycles per second. The higher 
the pitch of the note the more rapid is the oscillation. 

Phase Difference. 

When a voltage of this type is applied to a circuit, the 
current which flows must obviously vary in the same manner, 
but except in special ca.ses we find that the current and voltage 
do not go through their periods together. The exception is the 
purely resistive circuit having no inductance or capacitance, 
but as most circuits exhibit one or other of these properties 
we find as a rule that the current and voltage are not in phase. 

In Fig. 34, for example, we have two vectors OA and OB^ 
the latter lieing 90° in advance of OA. If these two vectors 
rotate together there will be 90° between them at every 
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instant. Hence the wave generated by OA will go through 
its cycle a quarter wave b^ehind that of OB, so that when 
the fcst is at a maximum the second is zero, and so on. The 



bu OA. by OB, OO’^oiheacl 

ofOA. 

Fig. 34. Illustrating Phase Difference 


wave OA is said to lag by 90° behind OB, while conversely 
OB is said to be leading on OA by the same amount. 



Fio. 35. Photograph or Voltage and Current 
Waves in an Actual Practical CmcuiT showing 
the Difference in Phase 


Fig. 35 shows an actual photograph of voltage and current 
in an inductive circuit. This was taken with a double-wave 
switch of the type described in Chapter IX, and it will be seen 
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that the current wave is not only distorted but out of phase 
with the voltage, going through its maxima and minima a 
little after the voltage. Any ordinary measurement will fail 
to disclose either the distortion or the phase lag, which is one 
of the reasons for using an oscillograph. 

Varying degrees of pliase angle can be encountered. In any 
single circuit the maximum angle is 90'^. A pure inductance 
carries a current which lags exactly 90'', while a pure con¬ 
denser current leads by OC. Resistance in the circuit causes 
the phase angle to be less than this amount, but in any single 
circuit it can nev(*r be more. However, we are not only con¬ 
cerned with phase angle between voltage and current. The 
voltages at two different jxunts in an amplifier or network 
may be different in phase, and wlnue we hav(‘ a chain of cir¬ 
cuits each contributing its own ])hase angle, it is (piite possible 
for the total angle to add up to quite a considerable amount. 
If the total phase angle adds up to 180^ it means that the two 
waves are exactly in opposition. It is even possible {6r the 
phase angle to amount to 360"' so that the input and output 
voltage once more become in phase, although at intermeibate 
points in the chain they will be seriously out of phase. Inci¬ 
dentally, this is not a practical condition because the ])hase 
angle clianges with freciuency, and so the correct condition 
would only be obtained at one particular frequency.* 

Harmonics. 

The current wave in Fig. 35 is distorted due to the presence 
of harmonics. These are smaller waves having an amplitude 
only a fraction of the fundamental wave but of a frequency 
which is .Home simp)c mnhipic thereof. 

In practice theses distortetl waves are not proriuced by 
mixing waves of different frequencies but arise from the 
passage of the current through some non-linear circuit which 
does not transmit all amplitudes uniformly, such as a valve 
operating under incorrect conditions. The resulting current, 

• The reader who wishes to study this matter more closely should refer 
to Afodsm R(idio Communicaiion, by the author. 
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however, behaves as if it were made up of fundamental and 
harmonic components, and may be treated as such. 

If a distorted wave is passed through a circuit which trans¬ 
mits higher frequencies better than low ones, the distortion 
will be accentuated, and vice versa—a useful fact to remember. 





Fig. 36. The Phase of the Harmonic will Influence the 
Shape of the Waveform 

It is, indeed, possible to imitate any type of wave by suitable 
choice of fundamental and harmonics. 

The actual form of wave })roduced depends upon the 
phase of the harmonic relative to the fundamental. In Fig. 
36 (a), for example, we have shown dotted a fundamental and 
a second harmonic (a wave of twice the frequency) with an 
amplitude of about 20 per cent. The combined wave is 
obtained by adding the instantaneous values of the two waves 
together (subtracting if they are in opposite directions) and a 
distorted wave is the result. 

In (6) the harmonic is displaced by 45° (relative to the 
fundamental). The amplitude is the same but the resulting 
wave is quite different in appearance, while in (c) the harmonic 
is displaced by 135° and gives a similar wave but inverted. 

Second harmonics are not common in power practice though 
when they are experienced they are usually of type (a). 
Types (b) and (c) are often found in radio practice, being 
produced by bottom-bend or grid-current distortion. 

Fig. 37 shows two actual oscillograms of waveforms similar 
to Fig. 36 (a) and (b) respectively produced artificially by 
mixing a fundamental and a wave of twice the frequency. The 
harmonic content is rather more than in Fig. 36, giving a more 
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pronounced deformation of the wave shape. There is also 
evidence of a small ripple due to a harmonic of much higher 
frequency. 

Fig. 38 shows two practical wave forms resembling these 
artificial examples. That on the left is the secondary waveform 
of a badly overloaded intervalve transformer, showing the 

effect of saturation in the iron. 

■ That on the right was pro¬ 
duced by overloading a valve 
and causing severe bottom-bend 
distortion. 

Fig. 39 shows the effect of a 
third harmonic. It should be 
noted that the positive and 
negative halves of the wave are 
similar, which is a characteristic 
of odd harmonics, whereas with 
even harmonics this is not the 
case. 

If the harmonic is very high 
in frequency compared with the 
fundamental it ceases to distort 
Fig. 37. Photograph of ^ave- wave shape tod merely super- 

FORMS CONTAINING SECOND ir J ^ i 

Harmonic Distortion itself on the fundamental 

as shown in Fig. 40. The same 
form of wave is obtained even if the high frequency is not 
an exact multiple of the fundamental, though in such a case 
the ripple waveform would not be stationary but would travel 
along the fundamental at a speed depending on the relative 
frequencies. 

In audio-frequency practice the phase of the harmonic does 
not appreciably affect results. In other words, a waveform 
of any of the three types shown in Fig. 36 passed through a 
loud speaker would produce the same noise, all three of them 
being noticeably different from that produced by a pure 
sine wave. 

It should also be noted that harmonics are not necessarily 
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(a) {b) 

Fig. 38. Practical. Examples of Distorted Waves, Dub to 
Iron Distortion and Overloading 



Fig. 39. Oscillogram of Magnetizing Current 
OF Three-phase Transformer showing Third 
Harmonic Distortion 


3—<T.ia5) 
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undesirable. Speech and music are made up of very complex 
waveforms of which the distinctive quality depends essentially 
on the harmonics present. The same note played on a violin 
and a flute, though of the same pitch, would be quite different 
in timbre or tonal quality because the flute note is practically 
pure while the violin note is very rich in harmonics. 

In such a case, our concern is to 
see that any harmonics in the input 
are faithfully reproduced in the out¬ 
put, but this is very difficult to do 
and it is more convenient to supply 
a pure wave to the input at various 
frequencies and to ensure that— 

(а) no extra harmonics are intro¬ 
duced by the amplifier; 

(б) the amplification is just as 
effective at high frequencies as at 
low. 

• If these conditions are fulfilled the amplifier will probably 
reproduce a complex wave reasonably well, though this does 
not necessarily follow, as is explained on page OS. 

Amplitude Distortion. 

In order to comply with the first condition above, it is 
necessary that the characteristics of the valves and circuits 
used should be such that the output voltage is directly pro¬ 
portional to the input. If, however, this “linearity ” only holds 
over part of the characteristic we may obtain a condition 
where, say, the bottom portion of the wave is not amplified 
to the same extent as the middle portion. This will produce 
a wave having a flattened bottom and, as we have just seen, 
this form of wave corresponds to a fundamental with a small 
percentage of second harmonic added. Consequently, we have 
automatically generated a frequency of twice the fundamental 
by virtue of the non-linear amplification. 

In practice harmonics of this type are introduced in varying 
degrees. It is usually only the early harmonics, i.e. second, 



Fig. 40. When the 
Harmonic Frequency is 
Very High the Waves 
DO NOT Interact 
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third, and fifth, which are of serious importance, though 
transients, saw-tooth waves and the like contain harmonics 
of much higher order. 

Time Bases. 

It will be clear, therefore, that an inspection of the waveform 
will often provide useful information about a circuit, and for 


R 



this purpose we select the voltage or current at some suitable 
point and apply it to the work or Y plates of an oscilloscope. 
It is then necessary to spread out the movement of the spot 
in a horizontal direction as explained in the last chapter, which 
is done by supplying the X plates with a voltage which is 
slowly increasing at a uniform rate until the spot has m oved 
across tiie screen, when it Hies back aiid recommences its 
journey. 

The mechanism usually employed for producing this move¬ 
ment is the charging of a condenser through a high resistance, 
in a circuit such as that shown in Fig. 41. On connecting the 
200v supply to this circuit the condenser does not immediately 
acquire the full charge, but builds up relatively slowly at a 
rate determined by the value of the resistance and the capaci¬ 
tance of the condenser. Increasing either of these factors makes 
the charging take longer. Consequently, the voltage on the 
condenser slowly builds up to its peak value, and if we apply 
this voltage to the X plates of the oscillograph we shall 
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produce the gradual sideways movement of the spot which 
we require. 

It is necessary to make the process repeating in some way, 
and to do this we connect across the condenser some device 
which discharges it periodically. The charging process then 
recommences until once again the condenser discharges, and 
so on. 

The form of discharge de\ice most commonly employed is 
what is known as a gas relay or thyratron .* Gas relays are 
also colloquially known in some quarters as poppers, a con¬ 
venient and expressive name. Such a device consists essenti¬ 
ally of a triod^ valve into which a small quantity of gas is 
introduced. The gas is usually neon, helium, or argon, though 
in some cases mercury vapour is used. Suppose we consider 
a valve with its grid biased sufficiently negative to prevent 
any anode current from flowing. If we raise the anode volts 
the relative effect of tlie grid will be reduced, and a point will 
be obtained at which current commences to flow. With a 
normal valve the current would remain small, becoming 
gradually larger as we continue to increase the anode voltage, 
but with a gas tube the electrons flowing from the cathode to 
the anode encounter molecules of the gas which, being at a 
low pressure, is readily ionized. At each collision more elec¬ 
trons are released and these in their turn collide with further 
molecules of gas releasing further electrons, so that a cumu¬ 
lative and very rapid build up of current is obtained, and the 
tube becomes practically a short circuit. 

Moreover, once the ionization has commenced and current 
has started to flow, it will continue to do so until the anode 
voltage is removed or at any rate reduced to a value below the 
ionization potential of the gas which is between 10 and 20 
volts in most cases. The grid has no effect whatever in stopping 
the discharge once it has started. ^ 

Fig. 41 shows a gas relay of this type connected across the 
condenser. Normally the relay is biased negatively such that 
it passes no current, and the bias would be adjusted so that, 

♦ Thyratron is the registered trade name of the Mazda organization. 
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say, 150 volts was required on the anode before current would 
commence to flow. As the condenser charges slowly through 
the resistance^ the voltage rises and the spot on the cathode- 
ray tube will move horizontally in uni.^on until the condenser 
voltage reaches 150. At this point the tube “fires,” short- 
circuits the condenser, discharging it practically completely, 
and then “ goes out,” for the discharging of the condenser has 
caused this voltage to fall practically to zero and the tube has 
again become non-conducting. The charging process now 
recommences and the same cycle is gone through and continues 
to take place regularly. 

Non-linearity. 

Obviously, such a device is ideal for our purpose. It causes 
the spot to move across the screen and fly back to the starting 
point as often as we like. We can vary the speed with which 
it moves across the screen by changing the values of either the 
resistance or the condenser, whichever w^e prefer, and the most 
usual arrangement of a time base is to have a variable resis¬ 
tance in series with a number of fixed condensers selected by 
switch to give the appropriate range. 

The charging of a condenser through a plain resistance, 
however, suffers from one defect, in that the charging rate is 
not constant. At first the rush of current in the condenser is 
fairly rapid, while as it charges up it becomes less eager to 
absorb any more current and consequently the charging rate 
falls off. The voltage on the condenser therefore does not build 
up steadily but in an exponential form such as is illustrated 
in Fig. 42. Theoretically, indeed, the condenser never becomes 
fully charged. It acquires 63 per cent of its full voltage in a 
time equal to 1/(7 J?, where C is the capacitance in microfarads 
and R is the resistance in megohms. From this point onwards 
the charge is progressively slower and the condenser does not 
acquire 95 per cent of its full charge until after a time equal 
to 3/(7ie. 

The point to note is that the rise in voltage is not uniform, 
and therefore the spot will not move steadily across the screen, 
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causing the waves to be spaced unevenly on the cathode-ray 
tube. Fig. 43 shows a 50-cycle wave scanned by a non-linear 
time base. The uneven spacing of the waves is clearly evident, 
causing them to be crowded at one side of the image. 
The effect can be observed on one wave.but is easier to detect 
with two or three. Too many waves should not be used, 



Fig. 42. Illi .strating PiXPONENTiAL Charge 
OF A Condenser 


however, at low frequencies, since this involves a very 
low speed of time base when linearity is difficult to maintain 
owing to the time constant of the circuit as explained on 
page 77. 

Correction of the non-linearity just discussed can be ob¬ 
tained in various ways. One is to arrange that the condenser 
only charges to about 20 per cent of its full voltage before it 
discharges. This uses the portion AB of the curve shown in 
Fig. 42 which approximates to a straight line, and under these 
conditions satisfactory operation is possible. This is quite easy 
to arrange, it being merely necessary to use a charging source 
having^ a voltage four or five times as high as the scan required. 
If, for example, we need 100 volts to fill the tube, i.e. to scan 
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completely from one side to the other, then we must have 
an h.t. supply of at least 500 volts. We then arrange the bias 
on the gas relay such that it discharges at 100 volts. 

The “firing” point of the relay is practically directly pro¬ 
portional to the grid bias, in much the same way as the anode 
current of an ordinary valve is controlled by grid bias. The 



Fio. 43. Non-linearity in the Time Base Causes 
THE Waves to be Unevenly Spaced 

ratio between the firing voltage and the grid bias on the anode 
is termed the control ratio of the relay and it ranges from 
15 to 30 according to the construction of the relay and gas 
filling. A value of about 20 is customary, so that if we wish 
the relay to fire at 100 volts we should have to apply 
5 volts bias. 

An alternative method of obtaining a linear scan is to charge 
the condenser through some constant-current device. For 
example, a saturated diode may be used as shown in Fig. 44. 
Here, the diode is run at a reduced filament temperature such 
that the emission from the filament saturates at quite a low 
voltage of 10 or 20 volts. Any voltage higher than this will 
cause no increase in the current. Consequently, if we place 
such a device in series with the condenser, instead of the cus¬ 
tomary resistance we shall obtain an absolutely constant 
current in the condenser, which must therefore charge up at a 
uniform rate until it is within 10 or 20 volts of its full charge. 
By this arrangement we can obtain a linear scan over nearly 
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the full voltage of the condenser, so that the high tension 
voltage required is less. 

The charging rate is determined by the actual emission from 
the diode which is controlled by altering the filament tem¬ 
perature. This, therefore, requires a directly heated valve and 
one which has a thoriated filament. The arrangement is con¬ 
venient in certain instances, notably where 
-H a really high charging resistance is re¬ 
quired but needs battery operation which 
” is not always acceptable. There is also 

• 5 has Relay small time lag in its operation. 

An alternative method is to use a 
pentode valve. A pentode with a con¬ 
stant voltage on its grid and screen 
exhibits a similar form of characteristic 
inasmuch as the anode current remains 
practically constant irrespective of the 
anode voltage above about 50 or 60 volts. 
This arrangement therefore may be used 
Diode may be Used exactly the same manner, as shown 
FOR Charging the in the circuits of Figs. 45 and 46, and 
Condenser in this instance the actual charging cur¬ 

rent is easily controlled by altering the 
voltage on the screen or grid of the pentode. 

Two alternative arrangements are shown. In the first (Fig. 45) 
the actual charging current is varied by altering the negative 
voltage applied to the grid of the valve by adjusting the slider 
of the potentiometer P, Since the cathode of the valve is 
tapped a little way up the potentiometer across the h.t. supply, 
the grid will always be negative with respect to the cathode. 

The bias on the gas relay is obtained by connecting the grid 
to the slider of the potentiometer between the cathode of the 
gas relay and the anode of the pentode. During the charging 
cycle current flows into the condenser (7, and as this current is 
constant the voltage drop on the potentiometer Q will also be 
constant, and therefore any portion of this voltage may be 
tapped off and used as grid bias for the gas relay. When the 
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relay fires this state of affairs is no longer obtained but the pro¬ 
cess of discharge has already been set in motion, and, as we have 
seen, it will not cease until the voltage on the anode is reduced 
practically to zero, i.e., until the condenser is discharged. The 
resistance in the anode circuit of the gas relay is to limit the 
current as explained on p. 76. 

The second circuit (Fig. 46) is similar except that the charg- 



Fio. 45. Circuit of Pentode Fig. 46. Alternative 

Charging Arrangement Pentode-charged Time- 

base Circuit 


ing current is varied by altering the potential of the screen 
of the pentode. The bias on the gas relay is also obtained 
in a different manner. When the condenser C is discharged 
the cathode of the gas relay is very nearly at the same potential 
as the b.t. line. The grid of the relay is tapped down 
the potentiometer P, so that it is considerably negative 
relative to the cathode. 

As the condenser charges up, the cathode becomes negative 
and therefore begins to approach the grid bias potential, and 
ultimately a point is reached where the difference in the grid 
voltage and the cathode voltage reaches the critical value at 
which the relay will fire. 
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This form of arrangement is actually particularly definite, 
since while the cathode is running down to meet the grid 
and therefore reducing the grid bias, the anode-cathode volt¬ 
age is increasing due to the charge building up on the 
condenser. Both effects would ultimately cause the relay to 
fire and the combined action causes a rapid and definite 
“triggering.” 

Charging Time. 

In the design of a time base we have to choose the values 
of condenser and resistance such that the condenser charges 
to the required voltage in the specified time. As already 
explained, it is customary to use a variable resistance so that 
a range of frequencies can be covered with a given condenser. 
With plain resistance charging a ratio of between 5 and 8 to 1 
can be obtained, depending on the gas relay. 

In order to limit the energy to be dissipated on the discharge 
the condenser is kept small. This also reduces the charging 
current and hence the load on the power supply unit. A 
typical arrangement would be a variable resistance of 1 
megohm in series with a fixed resistance of 0-25 megohm, 
giving a frequency range, with a given condenser, of 5 to 1. 

With pentode charging the ratio may be larger but this is 
not desirable in ordinary circumstances as the setting of the 
frequency control becomes too critical. 

If we assume that the charging is linear the constants may 
be easily determined. If R is the charging resistance and E is 
the h.t. voltage, the charging current is t — EfR, The charge 
on the condenser Q = it, where t is the charging time and the 
voltage on the condenser F = QjC, 

Whence t — CRVjE sec. and / — EjCRV cycles per second. 
With resistance charging VjE must not exceed 0-2 if linearity 
is to be preserved. The charging current is simply Ef R. 

With pentode charging it may be simpler to express the 
frequency in terms of charging current. In these terms— 

CV/i.andf^i/CV 
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Synchronism. 

There remains one important point which has yet to be 
covered. We saw in the last chapter that it was necessary to 
arrange that the horizontal sweep of the spot occupies an exact 
multiple of the oscillation period of the waveform under 
examination, so that.after a complete number of waves the 
spot flies back and recommences to trace the second and suc¬ 
ceeding patterns immediately on top of the first. It is imprac¬ 
ticable to hold the time base suflici^tly stable to do this by 
itself, even assuming that the frequency under observation 
remains absolutely fixed^ which is not likely. It is therefore 
necessary to use some artificial aid to ensure this strict 
co-ordination between time base and work. 

Fortunately this can very easily be done by introducing a 
small portion of the voltage under examination on to the grid 
of the gas discharge relay. This causes the grid voltage on the 
relay to vary a little above and below its normal value, and 
consequently the firing voltage of the tube will also vary 
slightly. Thus, if we applied a signal of 0*5 volt (peak) to the 
grid of the relay which was normally set with a bias of 5 volts, 
the grid voltage would vary rhythmically between 4-5 and 5*5, 
and (with a control ratio of 20) the firing voltage of the relay 
would vary between 90 and 110 volts ^ 

Let us suppose that we have set the charging rate of the 
time-base condenser to reach 100 volts just at the end of one 
complete wave^ Then the condenser should be just approach¬ 
ing 100 volts at* this period. Let us suppose tkat it happens to 
be running a little slow so that it has not quite reached the 
100 at the correct firing point.. 

The firing voltage, however, is not fixed but is varying, and 
if we can arrange that at this point it is decreasing, it will, in 
effect, be coming down to meet the condenser voltage, and even 
though the condenser may not be quite at its right voltage 
at the exact instant, a fraction of a second later the discharge 
will take place as required. 

This action is entirely automatic. It is not even necessary 
to worry about which way the voltage is connected, for the 
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tube will fire initially at a point where the voltage is going in 
the right direction and will continue to do so afterwards, so 
that the pattern remains stationary. 

This s^nichronising voltage is injected on to the grid of the 
gas relay as indicated at S in Figs. 45 and 46. The resistance 
in the grid lead transfers the d.c. potential necessary to 



Fig. 47. Illi^stratino Principle of Synchronism 


determine the operating conditions while still leaving the grid 
free to vary in potential when the synchronizing pulse arrives. 
The amount of resistance necessary dejiends on the value of 
P (or Q), and in any case the total resistance between grid 
and cathode of a discharge valve should not exceed about 
50 000 ohms, as otherwise the operation may become erratic. 
A high resistance in this position also renders the grid sensitive 
to pick up of hum. 

The amount of voltage introduced inio the time base in 
this way must be small, otherwise the travel of the spot across 
the screen will no longer be uniform and distortion* of the 
waveform will result. The speed of the time base should 
therefore be adjusted reasonably accurately and just enough 
synchronizing voltage apphed to “lock” the irnagev 

The action can be understood even more clearly if a diagram 
is drawn. In Fig. 47 the firing voltage of the relay is shown 
varying between 110 and 90 as explained, while the voltage 
on the condenser is represented by the diagonal line which 
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starts at O and gradually climbs up towards the. 100 level in 
a time which corresponds with one complete oscillation of the 
waveform under examination. The relay then fires, causing 
the voltage to fall practically instantaneously to zero, and to 
start to climb up again, and so the process repeats indefinitely. 

The full line OFAQBBi^ represents the condition when the 
speed of the time base Is correct. The time base operates 
regularly and the tim^s OA, AB^ BC, etc., are all the same 
and equal to the period of the wave under examination. The 
dotted line OX represents the growth of voltage with a 
charging resistance a little too great, so that it would normally 
not fire until the point Actually, however, the firing voltage 
has been reduced by the synchronism so that the relay fires 
at Xy and the sequence is OXD YEZF, etc. The time OD 
is a little longer than OA , but thereafter the time of the sweep is 
DEy EFy etc., which is the same as before. In other words, the 
time is still exactly equal to the period of the wave, but the 
actual point on the wave at which firing occurs is a little later. 

Too Much Synchronism. 

It will also be noted that when the wave is running slow 
the effect of the synchronism is to cause the condenser to 
discharge a little before its normal voltage. Now the sweeny 
or distance moved horizontally across the screen, depends upon 
the actual voltage to which the condenser builds up, and if we 
reduce this voltage we shall shorten the sweep. 

It is possible, by applying a very strong synchronizing 
impulse, to make the condenser discharge long before it has 
reached its proper value, as illustrated in Fig. 48, which shows 
the firing part of the cycle enlarged. It is assTimed here that 
the time base is set to a frequency two or tlu’ee times less than 
the frequency of the wave, so that several waves will appear 
on the screen. With the full line, representing normal w^eak 
synchronism, the relay fires at A, and the sweep voltage is Fj. 
The dotted line represents a stronger “sync.” which causes 
the relay to fire at B. The sweep voltage is reduced to Fj, 
slightly less than before, but otherwise conditions are the same. 



68 


CATHODE-RAY OSCTLl.OGRAPHSl 


The chain dotted line represents too strong a sync, which 
causes the relay to fire on the preceding wave with greatly 
reduced amphtude of sweep Fg. Hence we see that increasing 
the amount of synchronism applied to the time base will first 
cause a small and progressive decrease in the amplitude of the 
sweep, and then a sudden jump to a much smaller amplitude 



Fig. 48. Illustrating Effect of Increasing the 
Synchronizing Voltage 


which shows one wave less than before. If the time base is set 
originally to show a number of waves the increase in the 
synchronism will cause the waves to be cut off one after the 
other until finally we are left with one wave or perhaps even 
a fraction of a wave. 

Fig. 49 shows the effect of altering the speed of the time 
base with a fixed synchronism. OA represents conditions with 
the correct speed. At OB this speed is a little too slow. The 
amplitude of the sweep will be reduced but synchronism will 
still be maintained. If the time base is made still slower the 
reduction in the firing voltage of the relay will be insufficient 
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to meet the condenser charge at the end of the second wave 
and the time base will therefore continue to charge up till it 
reaches C, so that three 
waves will appear on the 
tube. The amplitude of 
the sweep is much the 
same as before, actually 
slightly more than with 
condition B but less than 
with condition A . 

Similar synchronism 
applies if the time base 
is running too fast, but 
OD represents the condi¬ 
tion where it is appreci¬ 
ably faster than it should 
be, when it will be seen 
that the firing has taken 
place on the preceding wave, so that only one wave will 
appear on the screen. As before, the amplitude remains 

substantially the same. 

The distinction between 
these two possible opera¬ 
tions should be quite 
clear. With a given value 
of synchronism, prefer¬ 
ably not too strong, alter¬ 
ation of the speed of the 
time base wull have the 
effect of altering the num¬ 
ber of waves appearing 
Fio. 50. Photograph showing Effect on the screen. There will 
OF Too Strong Synchronism be a slight alteration in 

the length of the sweep 
and correspondingly of the actual portion of the wave shown, 
but this will only be small and the pattern will suddenly jump 
from one setting to another showing one wave more or less. 


/v\, 

w V \ 



Fig. 49. Showing How the Speed 
OF THE Time Base Affects the 
Number of Waves which Appear 
on the Screen 
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Increasing the strength of the synchronism, on the other hand, 
will cause a small reduction in the amplitude of the sweep 
followed by a sudden jump to a much smaller amphtude 
showing one wave less. 

Reference to Fig. 48 will also show that the point at which 
synchronism has occurred is considerably different on the 
two waves. This may often result in two alternative modes 
of operation, the first corresponding to the position some¬ 
what like OA, and the second corresponding to and 

these two will follow one another so that two waveforms 
will appear on the screen displaced from one another as 
illustrated in Fig. 50. This is particularly liable to happen 
when looking at only one wave, and is a symptom of too 
strong synchronism. 

Phase of Synchronizing Voltage. 

It should also be noted that the i)oint at which the time 
base will synchronize dep(‘nds upon tlie phase of the voltage 
relative to that under examination. From Fig. 47 it will 
be clear that the firing of the gas relay occurs around the 
point where the w'ave is crossing the zero line, this being the 
point of maximum slope. Therefore, provided the syn¬ 
chronizing voltage is in phase with the input, the pattern on 
the screen will normally show a series of complete waves 
starting and finishing around the zero point. The first and 
last waves will not be complete because a little time is 
occupied by the fly-back so that, particularly when only one 
waveform is being examined, an appreciable |)ortion of the 
wave is lost. 

It is desirable, for this reason, that the fly-back shall be kept 
as rapid as possible. With a gas relay the discharge is usually 
quite rapid enough except at high frequencies. With a hard- 
valve time-base the discharge of the condenser is usually not 
as rapid, and the fly-back is appreciably slower. As a general 
rule, it should be taken that the fly-back should not be visible, 
since the spot ought to be moving with too great a speed to 
leave a visible trace by comparison with the rest of the 



WAVEFORM EXAMINATION 71 

waveform, although if the intensity control of the tube is 
turned up the fly-back will be seen.* 

If, for any reason, it is desired to alter the point at which 
the fly-back occurs, the phase of the synchronizing voltage 
should be altered by passing it through a suitable phase- 
shifting network of the type discussed in Chapter IX. Suitable 
circuits are indicated on page 165, and Fig. 51 shows two single 



Fig. 51. Effect of Phase of Synchronizing Voltage on 
Shape of Wave 


waves synchronized at different points of the cycle. At first 
sight the second oscillogram does not appear to be a single 
wave at all, but it is actually one complete wave triggered at 
the maximum instead of the zero point. 

Pulse Synchronizing. 

It has been shown (Fig. 49) that small changes in the speed 
of the time base are accompanied by corresponding changes 
in the length of the sweep. The time-base circuits may, and 
often do, pick up small voltages from the mains, from the 
work under examination or other causes, and this may cause 
unsteadiness of the image. Some of the effects produced are 
discussed in the section on faults (p. 77). 

Such difiiculties may be overcome by the use of a special 

* It appears in many of the photographs in this book as a result of a 
relatively long exposure. 
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synchronizing pulse having a very steep wavefront. This 
would make the portion AB in Fig. 49 vertical, so that the 
time base is always triggered at the same instant. Such pulses 
may be derived from the “w’ork,” or from some other source. 
The subject is discussed further in Chapter IX. 

Push-pull Time Bases. 

It has been mentioned previousl}" that with hard tubes it is 
desirable to adopt a symmetrical scan. Strictly speaking, 



symmc'trical deflection should b(* aiTang(*(l on both })airs of 
plates, but tohuable results are obtainc^d if th(' deflection on 
the first pair of plates, usually the time base, is symmetrical. 

Fig. 52 shows an amplified time base in which the time base 
itself provides one-half of the scan and an amplifier valve 
driven from it provides the other half. The amplifier valve is 
a straightforward resistance-coupled triode which is fed with 
a small portion of the voltage developed by the time base 
itself. The full time-base voltage would overload the grid of 
the amplifier valve so that a capacitance f)otentiometer is 
used, the ratio being made approximately equal to the 

gain of the valve. Thus we have at the anode a voltage of the 
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same order as the time-bas(' voltage, but in the opposite 
direction due to the phase-reversing action of the valve, so 
that the two deflector plates are subjected to opposite and 
substantially equal voltag(‘S. The mean potential thus remains 
the same, but the deflection produced is proportional to the 
difference in voltage between the plates. 

Sweep Expansion. 

Another form of balanced amplifier is that shown in Fig. 53 
where the time-base voltage is not applied to the tube but 



feeds two amplifiers, the second being fed from the first by 
the paraphase arrangement just discussed. In this instance 
the reduction of the voltage applied to the grid of the second 
valve is obtained by tapping down the leak from the 
plate, the ratio being made a})proximately equal to 

the gain of 

It is conv(uiient to be abh' to vary the gain of the system 
so that the voltag(' applied to the deflector })lates, and hence 
the width of the sw(‘ep, can be varied. A simple input poten¬ 
tiometer is not practicable because it constitutes a leak across 
tlu' time-bas(' condenser which would introduce non-linearity, 
as explained on page 78. Any variation of gain by altering the 
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ratio lij is equally impracticable as it would destroy the 
symmetry. 

A circuit must b(‘ used which alters the gain of both valves 
together. In Fig. 53 this is done by including a variable 
resistance in the cathode of each valve and altering the value 
of these resistances together. The o})eration of the circuit is 
discussed more fully iij pages 91 and 97, but it will be clear 
that it provides the desiretl control of the width of th(‘. sweep. 
If the amplifier is suitably d(‘signed, the trace may he expanded 

from a fraction of the 
normal to sev(‘ral times 
the screen width with¬ 
out altering th(^ sweep 
fre((U(‘ncy. This is con- 
V(an(ait ibr making a 
closer examination of 
SOUK' part of the trace. 

The circuit of Fig. 54 
is yet another arrange¬ 
ment, worthy of note 
since it only uses one 
valve. It is based on 
the fact that the anode 
and screen currents of 
a tetrode or pentode are complementary, so that an increase 
of anode current is accompanied by a decrease in screen 
current. Hence if the anode voltage increases the screen 
voltage decreases, giving the push-pull action re({uired. 

High-frequency Time Bases. 

A gas triode is satisfactory u]) to fiequcmcic^s of about 
20 kc/s, the upper limit (hqxmding upon tlu‘ gas filling. The 
limiting factor is the time takem for the gas to de-ionize after 
the discharge. Until this happens the condenser will not r(‘- 
charge, so that th(‘ charging time and sweep are reduced until 
finally the circuit c(‘a.s(Ns to function. 

For really high frequencies it is necessary to use some form 



ToTube 


Fig. 


54. Single-VALVE Push-pull 
Time-base Amj'lifieu 
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of hard-valve time ba,se. The best-known is that due to 
O. 8. Puckle (Fig. 55). In place of the ordinary gas relay a 
triode valve is connected. When this commences to discharge, 
the anod(' current flowing in the resistor B causes the grid 
of V 2 to become more negative which causes the anode 
of Fg become more ])ositivx\ As this is tied directly 
to the grid of this becomes more })ositive causing an 
increase in the anode curn^nt which produces a further increase 
in grid voltage, and so by a (*umulativ(‘ action the current 



builds up to a large value which rapidly discharges the con- 
dens(‘r. When the condensta* has discharged and the anode 
curnait decreases, the reverse action takes place, which causes 
a rapid cut-otf. This circuit can be used very successfully up 
to frcapicaicies of sevei’al megacy(^les. 

Fig. 56 shows a single-valve time base operating on an 
oscillating principle. The valve commences to oscillate and 
the pidses of grid current charge the condenser (7 to a high 
negative potential, in accordance with the well-known cumu¬ 
lative grid action, until the oscillation ceases. The nega¬ 
tive charge is then neutralized relatively slowly by the positive 
voltage fed from the h.t. line through the resistance R, which 
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is of a high value, until a point is reached where the valve 
recommences oscillation, runs itself back negative again and 
so recommences the process. This arrangement operates in an 
inverted condition in that it is the discharge which is slow 



while the charge is rapid, but the net result is the same as far 
as we are concerned, since we still obtain slow movement of 
the spot and the rapid fly-back. 

Fly-back. 

In all these time bases the spot must fly back from the end 
of the sweep to the beginning, and takes a finite time to do this. 
It is obviously desirable that this time shall be as short as 
possible. On the other hand, as a protective device to prevent 
the gas relay from passing too much current, it is customary to 
insert a small safety resistance of a few hundred ohms in the 
anode circuit. This is shown in the various diagrams and 
serves to limit the current to a safe value, as otherwise the 
excessive ionic bombardment of the cathode by the large 
number of ions liberated would very quickly cause the tube 
to lose effectiveness. This safety resistance, however, must 
not be too great or the fly-back is appreciably slowed down. 
In this case the waveform is not completed but an appreciable 
portion of it is traced out by the spot on its return journey. 
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As mentioned in the last chapter the fly-back speed is usually 
troublesome only at high frequencies. 

Slow fly-backs may also arise in amplifying circuits due to 
top loss. The fly-back is a transient wave having a steep 
wave-front which requires a very good h.f. response, as ex¬ 
plained in Chapter IX. Top loss in the amplifier will therefore 
cause the steep front to be cut off, with consequent slowing 
down of the effective fly-back. 

Faults in Time Bases 

Some of the difficulties which may be encountered with 
time bases have already been mentioned, but it is convenient 
to summarize the principal types of fault which may occur. 

Non-Unearity. 

Of these the first is non-linearity, which may arise from 
various sources. These may bo enumerated as— 

(1) Failure to Maintain Constant-current Charging. If 
resistance charging is used, the portion of the charging cycle 
employed must be strictly limited, or the charging current 
will begin to fall off and the speed of travel of the spot will 
fall accordingly. 

If a constant-current device, such as a pentode, is used, it 
does not follow that the current is necessarily constant. For 
example, if the condenser is allowed to charge up too near to 
the h.t. value, the voltage across the valve may become so 
low as to run into the curved portion of the characteristic, and 
in this case the current will not remain substantially constant 
but will begin to fall, and non-linearity will result. Care must 
be taken, therefore, that the valve is only operated under 
conditions where the constant-current charging really applies. 

(2) Leakage. If there is any leakage across either the 
charging valve or the condenser, non-linearity will be intro¬ 
duced to an extent dependent upon the severity of the leak. 
Obviously, leakage in parallel with the charging valve will pass 
a current into the condenser which is not constant but which 
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falls off as the condenser charges, in the same way as a 
normal resistance-charged arrangement, and the actual current 
will therefore be the sum of the leakage current and the valve 
current. If the leakage is an appreciable proportion of the 
total current then there will bo a noticeable departure from 
linearity on the scan. 

A leakage across the condenser produces non-linearity in a 
similar maimer, for the current supplied by the charging valve 
will not all serve to ciiarge the condenser but will be partly 
wasted in flowing through the leakage, and this effect will 
increase as the condenser charges up, so that again the effect 
is not constant and non-hnearity results. 

Apart from direct leakage across the condenser one often 
finds that an equivalent effect has been inadvertently intro¬ 
duced. In most time-base circuits the voltage across the 
charging condenser is fed to the deflector plates of the tube 
through an isolating condenser w'ith a leak (as in Fig. 50). It 
is necessary that the condenser shall present a negligible 
impedance at the frequenc}^ of the time base, so that, in effect, 
the leak is connected across the charging condenser and will 
therefore introduce non-linearity from the cause just con¬ 
sidered. It is essential, therefore, that the leak shall bo high 
—3 to 5 megohms being the customary value. The capacitance 
of the condenser must be increased accordingly, for the voltage 
actually transferred to the deflector plates of the tube depends 
upon tlie reactance of the condenser relative to the resistance 
of the leak. The same conditions apply as in the case of 
deflection amplifiers discussed in the next (‘hay)ter. 

(3) Defective Gas Relay, Some forms of gas relay exhibit 
non-linearity. In fact, most relays are prone to this defect 
to some extent. The difficulty arises from an internal leakage 
in the valve under operating conditions. It is not measurable 
by actual insulation tests when the valve is cold, but it is found 
to be present when the valve is running, and wdth all possible 
precautions a non-linear scan is still obtained. There is no 
remedy for this defect but to change the relay eand possibly 
to use a different type. 
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(4) Amplifier Overloading. If an amplified time base is being 
used it is obvious that the amplifier must be operating in a 
strictly linear condition. This is a matter principally of the 
choice of con^ponents and operating conditions. In general, 
a high voltage should be used for the h.t. supply, feeding the 
valve through a high resistance. The subject is discussed 
further in the next chapter. 

(5) Amplifier Time-constant Incorrect. The amplifier wiU 

be fed from the gas relay through a __ 

condenser leak combination. This must 
have a high resistance for the reasons 
described in (3). 

Limited Scan. 

In some cases difficulty is experienced 
in obtaining the full length of the scan 
over the range of control. The effect 
may be manifested in various ways. 

Sometimes the length of the scan ob- 57. Partial Scan 
tained falls off progressively as one in- 
creases the frequency. This is due to 

the gas relay being unable to de-ionize sufficiently 
rapidly. In this case the condenser remains discharged 
for an appreciable time, giving an effect as illustrated in 
Fig. 57. 

Another form of difficulty is met when the scan operates 
satisfactorily over the middle of the charging control but 
ceases at one or both ends. This again is due to the gas relay, 
and it will usually be found that there is a certain minimum 
charging resistance below which the relay will not generate 
the relaxation oscillations required. This minimum resistance 
is usually independent of the capacitance of the charging con¬ 
denser, and when the resistance approaches this value all that 
happens is a continuous discharge through the relay. The 
effect is bound up to some extent with the ionic leakage 
mentioned in (3), and exhibited to a greater degree with 


some forms of relay than others. It is necessary to find what 
this minimum resistance is, and to design the capacitance 
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of the condensers accordingly in order to obtain the required 
frequency. 

It is also often found that there is a maximum resistance 
beyond which the gas relaj^ will not function. This, however, is 
not so common and is usually only found with defective design 
of the gas relay. As the charging resistance is increased, of 
course, the effect of any leakage in the circuit becomes more 
and more pronounced, so that troubles due to non-linearity 
are more likely to occur. 

Time-base Hum. 

A form of fault which is particularly vicious and which 
requires to be guarded against is the introduction of 50-cycle 
voltage from the mains on to the time base. This would cause 
audible mains hum in a receiver and is usually referred to as 
hum voltage. The grid of the discharge valve is particularly 
vulnerable in this respect, and if hum voltage is present the 
amplitude of the scan will not remain fixed but will vary 
about a mean value, 50 or 100 times per second, depending 
upon the frequenc}^ of the ripple introduced. This means that 
successive traces will not lie exactly over one another and 
the pattern will therefore alternately elongate and compress 
itself 

Normally this effect will not be noticeable except in pro¬ 
ducing a progressive thickening of the line towards one side 
of the image—an effect which may sometimes be confused 
with bad focusing. If the effect is serious, however, the varia¬ 
tion in length may be so severe as to render the production of 
a steady trace practically impossible. 

Usually induced mains voltages are small. The trouble, 
however, becomes very objectionable when the time base is 
operated at a frequency which is very nearly a multiple of the 
main frequency, for in this case the beats between the time- 
base frequency and the mains frequency cause a slow variation 
in the amplitude which can quite distinctly be seen, and the 
expansion and contraction of the wave become very marked. 

The remedy is to take care to avoid pick-up of mains voltage 
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in the time-base circuit. The h.t. supply, of course, must be 
adequately smoothed, and it is quite instructive to remove 
the smoothing of the time base so that some h.t. hum is 
deliberately introduced, when the effects described will clearly 
become visible. 

As already mentioned, however, the grid or cathode of the 
discharge valve are the most vulnerable points, since any 
voltage induced here has an amplified effect in the anode 
circuit. In circuits such as that of Figs. 45 and 55, for example, 
the cathode of the valve is floating in potential. The heater 
(not shown) must be supplied from a suitable winding on the 
mains transformer. If this winding is adjacent to a secondary 
developing large a.c. voltages, capacity currents will flow 
through the heater-cathode capacitance which will cause the 
cathode potential to fluctuate. It is therefore a good plan to 
have an entirely separate heater winding, and to interpose an 
earth screen on the transformer between this winding and the 
remainder. This, of course, must be done when designing or 
ordering the transformer since this screen is an integral part 
of the transformer. 

Another form of hum in the time base is that due to induo* 
tion of voltage on the deflector plates of the tube. There is a 
distinction between the two types of interference. In the case 
of pure time-base hum, one end of the scan will remain fixed 
and it is only the other end which will move, causing an 
expansion and contraction of the waveform, as already 
explained. In the case of voltage pick-up on the deflector 
plates there will be an alternating voltage superposed on the 
sawtooth scanning voltage which will cause the whole pattern 
to shift from side to side. 

The effect of this will be the same as before. At random 
frequencies the various traces will all be slightly displaced 
from one another causing a thickening of the line or, more 
often, a split image because the trace is at its two extreme 
positions for a relatively long time and only occupies the 
intervening positions for a short while. At frequencies which 
are nearly multiples of the main frequency, however, beats 
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will occur causing the line to move from side to side relatively 
slowly. Both effects are equally unpleasant, and can only be 
remedied by tracing and removing the source of interference. 

Since the deflector system will normally be provided with 
high leaks, it is particularly vulnerable to the pick-up of hum 
in this manner. The leaks should be introduced actually at the 
deflector plates themselves, i.e. as close to the tube terminals 
as possible, and should go direct to the gun. 

Where shifts are being used, particularly with a circuit such 
as that in Fig. 16, hum may be easily introduced due to im¬ 
perfect smoothing of the h.t. netwoik. It is usually found that 
comparatively simple smoothing is sufficient from the point of 
view of the operation of the tube proper, whereas quite small 
ripple voltages introduced on to the deflector plates may be 
troublesome. To avoid this difficulty, smoothing condensers 
are placed across the shift portions of the network in Fig. 16. 
The capacitance of these condensers must be calculated so 
that they present a really low impedance, relative to the shift 
resistance, at the mains frequency. 

Even this is only partially effective because the long leads to 
4he shift potentiometers can ^till pick up hum voltages, and 
it is usually better to decouple the leaks to the deflector 
plates through a circuit such as that illustrated in Fig. 19, 
mounting the leaks and decoupling condensers as close to the 
tube as possible. 

Magnetic Hum. 

It is essential, when locating small hum voltages, to make 
sure that there is no direct radiation on to the tube itself from 
nearby transformers or heater wiring. If such voltages are 
present any tests which are made can be most misleading, and 
considerable time can be wasted. A mumetal shield should be 
placed around the tube even if it is proposed later to dispense 
with this. This shield should be completely adequate for the 
purpose so that there can be no question of any magnetic effect. 

The best form of magnetic shield is one which fits around 
the tube itself, being small in diameter at one end and having 
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the same taper as the tube. This form of shield is expensive 
and the next best is a large cylinder of sufficient diameter to 
enclose the tube. This shield should extend from the front of 
the tube to a point a little beyond the gun. 

In some cases it is possible to reduce the hum to negligible 
proportions by a small cylinder fitting merely round the neck 
of the tube where the gun and deflector plates are located, but* 
this is by no means so effective, since the beam is still unpro¬ 
tected in the front portion of the tube near the screen and it is 
quite sensitive to fields in these positions. Therefore, to make 
certain, it is preferable to use a large cylinder completely 
surrounding the tube. 

It is also usually impracticable to endeavour to locate hum 
by examining the spot unless the hum is bad. Where only a 
trace of hum is left, it will be found that when the deflecting 
voltages are removed the brilliapce of the spot is so great 
that it is necessary to run down the intensity control. This, 
however, may quite easily cause the hum deflection itself to 
be blacked out, particularly if the waveform produced by the 
stray fields is of a peaky character, as it often is. In such 
circumstances the movement of the spot away from its central 
position is rapid and only occupies a small portion of the 
total cycle, so that if the intensity control is run down, the 
excursion of the spot will not appear, leaving what seems to 
be a sharp and unimpaired spot. 

It is sometimes possible to alter the position of the tube by 
unfixing the tube holder and swivelling the whole tube with 
the leads in position. This may give a clue to the trouble, but 
the practice of connecting long leads to the circuit and locating 
the tube in a separate holder 18 or 20 inches away from the 
remainder of the apparatus is almost useless because it is 
quite likely that the long leads themselves will pick up 
sufficient hum to mask the results. 

The subject of hum is in fact a very important one, and 
nothing but systematic investigation will locate the residual 
ripple which is causing the trouble. One good plan is to 
replace all the voltage sources by batteries, preferably doing 
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this a step at a time so that the improvement, if any, can 
be noted. 

It is also worth noting, in passing, that the customary gas 
relay usually exhibits a critical amplitude above which it is 
very susceptible to pick-up of hum, either on the grid or by 
direct magnetic radiation on to the valve itself. The same 
valve and circuit will often operate quite successfully at the 
small amplitude but will be seriously interfered with by mains 
hum at a larger amplitude. 

Vertical Hum Deflection. 

Pick-up of stray hum voltages may occur in the vertical as 
well as the horizontal direction, and the same methods have 
to be adopted to locate the trouble. The difficulty is usually 
not so marked because the amplifier circuits are usually tied to 
earth in conventional manner. The hum voltages introduced 
are therefore usually due either to direct pick-up on the deflector 
plates, or to inadequate smoothing either of the h.t. supply 
or the feed to the screen or cathode of the valves employed 
in the amplifier feeding the vertical deflecting plates, if any. 

Hum voltages are often masked if they are small in character, 
when the time base is running at a high speed, particularly if 
a strong synchronism is being used. For simple equipment 
this is an advantage and it means that a small amount of hum 
can be tolerated, but for first-grade equipment the time base 
should be run at a slow speed of about 12 J cycles per second 
without any synchronism applied. Any vertical deflection will 
then cause a small ripple to appear while horizontal deflection 
will cause the edges of the scan to wander as already explained. 
Sometimes the two effects are difficult to distinguish and it is 
helpful to connect the vertical deflector plates direct to gun, 
in which case the vertical ripple should disappear. Any 
movement of the ends of the scan then indicates the presence 
of hum in the horizontal direction. Care should be taken to 
make the test at various frequencies, for if the time base is 
running at an exact sub-multiple of the mains frequency the 
defect will not appear. 
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A further useful trick is to apply a very slow sweep, either 
single stroke or recurring, to one pair of deflectors, the other 
pair being connected direct to the gun. Any deflection at 
right angles to the sweep may then immediately be observed. 
A sweep covering the screen in 0-5 to 1 second will suffice. 

Intermodulation. 

There is one further form of time-base fault which may 
conveniently be discussed 
here and that is the modi¬ 
fication of the time-base 
voltage by the work volt¬ 
age. If the oscillations being 
examined are allowed to 
introduce voltage into the 
horizontal sweep, it is clear 
that the waveform will be 
distorted. Fig. 58 illustrates 
a typical example of the 
distortion. In effect the 
horizontal movement of the 
spot is not constant in speed 
but is continually increasing and decreasing in speed due to 
the superposition of a small percentage of work voltage, so that 
instead of a regular waveform we obtain a distortion. 

There are various possible channels through which such 
distortion can be introduced. One is due to interaction in the 
power supply of an oscillograph in which a high gain deflection 
amplifier is used to amplify the work voltage. This amplifier 
will have anode currents, varying at the work frequency, 
which pass through the power supply unit. The internal 
resistance of this is not negligible, so that a small voltage will 
be developed across the terminals of the power unit, and if 
the time base is being fed from the same source the time-base 
circuit will be modulated in the undesirable manner just 
explained. 

The remedy, of course, is to decouple the circuit with a 



Fig. 58. Distortion Produced by 
Modulation of Time Base by the 
Work Frequency 



86 


CATHODE-RAY OSCILLOGRAPHS 


resistance-condenser network in exactly tlie same way as is 
done with ordinary radio technique. 

The trouble is generally only serious at high frequencies and 
with high gain, but the possibility is always present, and with 
a poor design the distortion may easily be very bad. 

Another source of intermodulation is through actual 
capacitive coupling between the deflector plates on the tube. 
This is a defect of the tube itself and therefore is more serious 
in certain types than in others. It is more troublesome at high 
frequencies than at low, and if a tube is required for use at 
high audio or radio frequencies, particular attention should be 
paid to the capacitance between the deflectors (i.e. between 
one-pair and the other, not the internal capacitance between 
the two plates of any one pair. This is of importance in 
certain instances but it is not the cause of the trouble which 
we are considering here). 

It is possible to overcome this trouble if the tube has both 
pairs of deflector plates brought out, by introducing on to 
the appropriate plates a voltage in the reverse direction, as is 
explained on page 105 under the heading of Compensation. 

A push-pull or balanced scan also greatly reduces the inter- 
modulation due to this capacitance, but the fact remains that 
for radio-frequency wotk the tube should have as little 
capacitance as possible between the deflector plates. 

Driven Time Base. 

So far we hav(^ considered only Jf(r-rntinin(j time bases, 
which operate at a regularly r(‘Ciirring rate whic^h is synchron¬ 
ized with the woi k to be examined. 

Circumstanc(*s ai‘is(\ howe\(‘r, in which tlu‘ time base is 
reqiiir(‘d to op(‘rate only when it is trigger(‘d by some external 
impulse*. SiK^li circuits an* known as d(irr or driven time bases. 
They an* similar in basic principle*- to the circuits already 
discusseel but operate* only for a brief pe‘rioel eae;h time they 
are triggereel. Furthe*r details are*: given in Chapter X. 



CHAPTER IV 

DEFLECTION AMPLIFIERS 

Since the normal oscillograph requires anything from 50 to 
100 volts r.m.s. in order to produce a full-size pattern on the 
screen, it is customary to include a deflection amplifier. These 
are simple amplifiers having a strictly linear law and giving a 
gain dependent upon the requirements, such that the voltage 
to be examined is amplified to an extent which provides a 
deflection occupying about two-thirds of the screen. For 
normal purposes the amplifiers are resistance-coupled, and 
may be either triodes or pentodes. Triodes are used where the 
frequency band is limited to power or low audio frequencies, 
and where a low gain only is required. 

There are two considerations, one that of the frequency 
response, and the other that of the linearity of the amplifica¬ 
tion. Frequency response follows normal laws as applied to 
radio technique. The amplification of a resistance-coupled 
stage is constant with frequency until such time as the 
capacitances in the circuit begin to exert limitation.* At the 
low-frequency end of the scale the reactance of the coupHng 
condenser becomes large compared with the following grid leak, 
and therefore the amplification falls. At the upper frequencies 
the stray capacitances in the circuit (including the valve 
anode-cathode capacitance) shunts the resistance and reduces 
its effective impedance, so that the amplification again falls. 

It is quite easy to determine where these two Umiting 
actions begin to be serious. Fig. 59 shows the skeleton circuit 
of a deflection amplifier. At low frequencies the shunting 
effect of any stray capacitances is negligible, and the voltage 
developed at the anode of the valve is transferred through 
the condenser C on to the tube. Across the deflector plates of 
the tube is the customary grid leak i?, and again we may 
neglect the shunt effect of the grid-cathode capacitance of the 
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tube. We are left therefore with a simple capacitance- 
resistance filter, and the voltage actually applied to the tube 
is that developed across R which depends upon the relative 
value of grid resistance and the reactance of the condenser. 



Fig. 59. Simple Deflection Amplifier 


Actually, the ratio of the voltage across R to that developed 
by the preceding valve is 

RCo)|^/[\ + (RCcjY] 

Where R is the resistance in ohms 

C is the capacitance in farads 
and ft) = 271 X frequency. 

This may be worked out for any given condition, but it is 
convenient to remember that if the voltage across R is to be 
90 per cent of the applied voltage, so that we only lose 10 per 
cent of our gain, the product RCo) ~ 2. As we shall see later, 
this is the minimum value tolerable, and if negligible phase 
shift is required the value is appreciably larger. 

At upper frequencies the reactance of C is negligibly small 
in comparison with J?, and we can assume that the whole of 
the voltage developed is transferred to the second valve. All 
the stray capacitances in the circuit, however, now begin to 
exercise their effect, and we can, in fact, consider them all as 
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connected across the anode resistance P. The capacitance 
includes the anode-cathode capacitance of the valve, the 
capacitance between the deflector plate and earth and the 
stray capacitances due to circuit wiring, etc., all of which add 
up to 20 to 30 fXfxF., even with quite careful precautions. 

The amplification obtained from a resistance and condenser 
in parallel is less than that of the resistance by itself in the 
ratio 

P/V[l + 

where is the stray capacitance in farads 

P is the anode resistance in ohms 
and CO — 277 X frequency, as before. 

This expression again can be worked out for the given 
conditions and we find that for a loss of approximately 10 per 
cent the product PC^co = 1/2, another convenient figure to 
memorize. 

Linearity. 

Obtaining purely proportional amplification is a matter of 
choice of valves and components. In general, as the anode 
resistance is increased the dynamic or effective characteristic 
tends to become flatter. On the other hand, since we are using 
resistance in the anode circuit we cannot avoid the voltage 
drop which will be caused by the anode current flowing 
through it, so that in order to maintain an adequate voltage 
on the anode itself the h.t. supply must be increased 
considerably. 

The suitability of a given valve can be judged from its 
characteristics. Through the operating point a line is drawn 
having a slope such that the voltage intercept 0 V (Fig. 60 
(a) ) divided by the current intercept 01 is equal to the 
resistance which is to be used in this anode circuit. The total 
voltage swing on the valve when fully loaded is then as shown 
on the diagram, and the distances PQ and PR should be 
equal if the amplification is to be distortionless. It is often 
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not convenient to produce the actual load line to cut the 
current axis, in which case a parallel line may be drawn as 
shown dotted in Fig. 60 (6) to determine the resistance 
represented. 

Having chosen a resistance which will fulfil the conditions, 
the h.t. on the circuit must equal the working voltage chosen 
plus the voltage drop in the resistance, which is equal to 






(a) (b) 


Fig. 60. Illustrating Choice of Operating Point on 
Valve Characteristic 


the anode current at the working voltage multiplied by the 
resistance. Thus in Fig. 60 (a) we have assumed a working 
voltage of 150 with a load line corresponding to 40 000 ohms 
and an anode current at the working voltage of 2 milliamps. 
The voltage drop on the resistance will thus be 80 volts which 
added to the working voltage of 150 requires an h.t. supply 
of 230 volts. This amplifier would give a gain of 17-5 since it 
will be .seen that an anode swing of ±70 volts is obtained 
for a grid excursion of ± 4 volts. 

Higlioi* gains would Ik^ possible by using higher anode 
resistances, preferably with p(‘ntode valves. The conditions 
of Fig. 60 (b) are for a pentodi* with 120 000 ohms load. Tlu‘ 
gain is 47*5 and the h.t. required is 

250 + (120 000 X 0 002) - 490. 
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It must be remembered that the optimum value obtained 
from the characteristic in this way may not be suitable from 
the point of view of frequency response. In practice it is 
necessary to fulfil both requirements simultaneously. 

For a normal amplifier the valves are biased to operate 
around the point P. In certain instances a self-bias may be 
used, as for example in the time-base amplifier of Fig. 53. 
Here the valves bias themselves back to the peak value of the 
input signal (a saw-tooth wave in this case) so that they operate 
around the point R, running over the line RQ and back. 

The inclusion of the condenser C.^ is to permit the correct 
bias to build up. If the grid of V^, were tapped direct to the 
point O, the grid of Fo would run back to the peak value of 
the signal at the anode of which is ten times too great so 
that kg would be cut off completely. 

R.M.S. and Peak Values. 

In dealing with cathode-ray tubes and the amplifiers 
associated with them, we nearly always deal with peak values 
of voltage or current. The sensitivity of the tube, for example, 
must be arranged such that the extreme values of the deflector 
voltage cause the spot to move to within a short distance of 
the top and bottom of the screen. Suppose we find that in 
order to move the spot over this distance we require 150 volts. 
If we apply an alternating voltage which just occupies this 
space between the top and bottom peaks of the wave and then 
measure the voltage applied with an a.c. voltmeter, we shall 
find that the reading is nothing like 150. Actually, it will be 
53 volts. The reason for this discrepancy should be clearly 
understood. 

Unless we are to have two sets of units, one for d.c. and the 
other for a.c., we must find some method of specifying the 
value of alternating current (or voltage) such that its effects 
are equivalent to d.c. The maximum value does not comply 
with this requirement since the current is only at its maximum 
for a brief instant. Either a.c. or d.c. current will heat up a 
wire, for example, but clearly the average heating effect of 



92 


CATHODE-RAY OSCILLOGRAPHS 


an a.c. current having a maximum value of, say, one ampere 
would be considerably less than that of a steady current which 
remained at one ampere all the time. 

It is thus necessary to arrive at a mean value which would 
produce an equivalent heating effect and since the heating is 
proportional to the square of the current we first determine 
the mean or average of the squares of the current at successive 
instants. The actual equivalent current is then the square 
root of this mean value. 

This somewhat complex average value is known as the 
root-mean-square or r.m.s. value, and with a sine wave it is 
found to be ll\/2 ~ 0*71 time the peak value of the wave, in 
either direction. With an oscillograph we are concerned with 
peaks in both directions, so that the peak-to-peak value is 
twice the peak value in one direction only, and therefore the 
peak-to-peak value is 2\/2 times the r.m.s. value. 

Therefore, when making any calculations, or any measure¬ 
ments involving instruments of the normal type used for 
current or voltage measurement at audio or radio frequencies, 
this distinction should always be borne in mind. 

Negative Feedback. 

A form of amplifier which is useful in oscillograph work 
where extreme linearity of characteristic is required, both as 
regards amplitude and frequency, is the negative feedback 
amplifier. This is an arrangement in which a small portion of 
the output from the amplifier is fed back to the input in such 
a direction as to oppose the voltage already introduced on the 
input terminals. It can be shown that if the proportion of the 
output voltage fed back is and if the total normal gain of 
the amplifier is A , then if is large compared with unity, the 
effective gain of the amplifier with feedback in operation is 
simply 1/^.* 

Tliis is very significant since it indicates the amplification 
is entirely independent of the valves and circuit constants of 

♦ See the author’s Modern Radio Communication, Vol. II (Pitman). 
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the amplifier, and is solely determined by the feedback 
arrangement. 

There are, as one might expect, some limitations to this 
statement. The first is that if a high gain is required P must 
be small, but since is to be large compared with unity, 
A must be large. The arrangement is in fact an inefficient one 
and it is necessary to use at least two valves to obtain the 
gain which could normally be obtained from one. 

The second reservation is that the amplifier and feedback 
circuit should have no phase shift, and this condition is not by 
any means so easy to comply with. If the overall phase shift 
exceeds 90° the feedback will have a positive component 
and, provided that the gain of the amplifier is more than 
unity at this point, it will produce continuous self-oscillation. 
Clearly, also, long before this point is reached any serious 
change in phase means that the effective voltage on the input 
is not the simple arithmetical difference between the normal 
input voltage and the feedback voltage, so that the simple 
expression for the effective gain is no longer valid. 

The difficulty only occurs at low or high frequencies 
outside the normal range of the amplifier, so that if the 
amplifier can be designed so that the gain falls off very 
rapidly as soon as phase shift commences the trouble may 
be avoided. 

Fig. 61 illustrates a typical circuit suitable for low and 
medium audio frequencies. At high frequencies this circuit 
is not so useful owing to the limitation of phase shift already 
mentioned. 

Here = 200/12 200 — 0 0164, and as A with normal triodes 
would be about 500, f}A = 8*2, which is sufficiently large 
compared with unity to fulfil the requirements. Hence the 
gain would be 1//3 =61 and tests with an actual amplifier to 
this circuit proved that wffiereas without feedback (and a 
correspondingly reduced input) amplitude distortion was 
present, the application of feedback removed this practically 
completely (at the expense of overall gain). 

Most deflection amplifiers are single stages and a common 
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device is to obtain some measure of feedback thereon by 
omitting the customary cathode by-pass condenser. The 
a.c. voltage developed across the cathode resistor is then in 
opposition to the signal input, and the gain is reduced approxi- 
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Fio. 61 . Simple Negative Feedback Circuit 

cathode and anode resistances, r is the a.c. resistance and jj, 
the amplification factor of the valve. 

It may be remarked that while such feedback does assist 
in removing amplitude distortion, (iA = fiRcKRa + t) which 
is not large compared with unity, so that the full benefits of 
negative feedback are not obtained. 

Cathode Follower. 

A form of feedback circuit wliich has consid(‘rable applica¬ 
tion in cathode-ray work is th(‘ cathode-follovvc*!* circuit shown 
in Fig. 62. This cinaiit is a dev<*loprm‘nt of th(‘ arrangement 
in which the cathode resistances is not bv-jiassed. It will be 
clear that the amount of feedback elepends uj)on the relative) 
values of anode and cathode resistance', the larger the' cathexle 
resistance the gre^ator being the fee*elback. 

If this increase in cathode resistance is carried to its limit, 
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we obtain all the resistance in the cathode circuit and none 
in the anode. Under such conditions the whole of the output 
voltage is fed back so that the feedback factor becomes 1 and 
gain of the stage is also 1. 

The important feature of the circuit is its impedance- 
changing property, for the cathode resistor may be made of 



Fio. 62. Cathode Follower Fig. 6IL The Input Capacitance 


OF A Valve Causes Loss of 


THE Upper Frequei»cies 


quite low value, say 1 000 ohms, while the input impedance 
remains high and can easily be several megohms. Such 
a circuit is of considerable value in many instances. 

Gain Control. 

It is customary to provide a variable control on the gain of 
the amplifier, and this should be applied on the input so that 
if a large voltage is impressed the proportion apphed to the 
valve may be suitably reduced to avoid overloading. 

The input potentiometer, however, is liable to introduce 
frequency distortion because of the input capacitance of the 
amplifier valve which is shunted across the bottom half of the 
potentionu'ttu’. If the upper frequencies are attenuated 
more than the low('r ones, tiu* harmonics of a wave will be 
suppressed and tlu* image will not be correct. The effect is 
great(‘st in tlie middle of the travel, but the attenuation at any 
point is easily ealculable from the expression 
1/[1 + P(1 +j(oCR)IR] 
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where P and R are the resistances of the top and bottom of 
the potentiometer and C is the input capacitance of the valve 
(as shown in Fig. 63). This may lx* evaluattxl for the lowest and 
highest frequencies required and the results should not differ 
by more than 10 pc‘r cent. At the mid-point this requires a 
total potentiometer resistance greater than 

This criterion unfortunately usually requires a somewhat 
low potentiometer resistance, particularly with triode valves, 
for the effective input ca])acitance is increased by reason of 
the Miller effect.* This is the effect due to the anode-grid 
capacitance of the valv(‘ which ])asses current from the anode 
back to the grid in such a direction and in such a phase as to 
have the effect of increased input capacitance. 

}3ecaitse of tliis, triode valves are rar(‘ly used, but even with 
pentodes the total input capacitance, inchuling strays,is usually 
of the order of 5-16 n/zF. which still requires an inp\it potentio¬ 
meter of 3 megohms to handle frequencies uj) to 10 kc/s. 

This question of input resistance is important because one 
of the virtues of the cathode-ray oscillograph is that it has 
a high input imjK'dance and tlu*refor(‘ lui'-; litth* eff(‘ct on the 
circuit under examination. 

It is worth noting that if instead of a variable potentio¬ 
meter a series of fixed tappings is adopted, it is possible to 
compensate for the effect of capacitance across the lower half 
of the potentiometer by connecting an equivalent capacitance 
across the top half. This gives an absolute compensation and 
input resistances as high as several megohms may Ix^ used. 

The capacitance to be conru^cted across the top portion of 
the potentiometer may be calculated from the expression 

(\ - KCIP 

where C\ is the capacitance across the top |X)rtion and /?, 
C and P are as before. 

* The effective input capacitance — Cg^ -h Cg^ (1 + A cos 0) 
where A is the stage gain and 0 is the angle by which the voltage in the 
anode loads the valve voltage fiCg, With a resistance load at frequencies 
where top loss is negligible this is simply Cgg -f Cg^ (1 -f A), See 
Modern Radio Communication, V^^I. II, Chapter VI (Pitman). 
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This form of correction can only strictly be applied for a 
fixed tapping on the potentiometer. With a variable tapping, 
however, it is possible to obtain a partial correction by con¬ 
necting a small condenser between the slider and the top of 
the potentiometer. This will give a correct compensation at 
one particular setting of the potentiometer but will be in¬ 
correct ever 3 rwhere else, although possibly the final results 
may be better than those obtained by using no such correction. 

Use of Negative Feedback for Gain Control. 

One simple solution to the y)roblom is to arrange a cathode- 
follow(‘r stage at tiie injnit of the amplifier. As we hav^e seen, 
tile cathode n\sistor need be only a f(‘w thousand ohms, which 
eompl(*t(‘ly removes any trouble from top loss, whil(‘ the high 
input impedanoi* of the cathode follower still preserves the 
desiral)l(‘ featun* of n(‘gligihle loading of the circuit. 

Alternativ(‘Iy, negative^ fia'dback technique may be used in 
th(' amplifier its('lf. A normal amplifier stage may be provided 
with a certain amount of un-l)ypas.sed resistance in its cathode. 
Incr(*asing this resistance will reduce the gain without ad¬ 
versely affecting the furdormance. Indeed the performance 
is improved, for the valve under these conditions will handle 
a larger injmt signal without overloading. 

This typ(‘ of gain control, either in its fiimple form or with 
variations to nu'ct particular requirements, is being increas¬ 
ingly used in catiiode-ray t(‘chniqiie. The circuit of Fig. 53 
is a cas(‘ in point. Ibu’c both the cathodes are provided with 
variabh' leedbac'k n'sistances. When I\ and are small, 
the full gain is d(*V(‘loped. As the values are incnaised, the 
gain is progressively reduced. The two resistances are ganged 
together so that l)oth valv(\s shall behav(‘ similarly, thus 
preserving th(' symnudry of the cinaiit. 

Transients. 

We have assumed so far that the waves being examined are 
regularly recurring, so that we may set the time base running 
at some sub-multiple of the frequency of the work and thereby 
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obtain a series of coincident traces which will result in an 
apparently steady pattern. In many instances one requires 
to examine waveforms which are only transient, i.e. only 
occurring once or at regular but relatively lengthy intervals. 

In such circumstances special technique has to be adopted. 
If the transient is a recurring phenomenon we can use an 
ordinary time base and arrange that it shall be started on its 
travel every time the transient starts, and hence, if the 
repetition is sufficiently rapid, we still can get a stationary 
pattern. Otherwise photographic or long-delay screens have 
to be used, together \\dth special types of time base. 

It is in the response to transient effects, such as the clash 
of c^unbals and even certain speech sounds, that the ordinary 
amplifier or loud-s})eaker is liable to fail. The methods of 
analysis previously considered are of little avail here, though 
they may be used, if intelligently applied, to provide some data, 
and for many purposes they prove adequate. True transient 
response, however, can only be analysed by the methods 
discussed in Chapter IX. 

In general it may be stated that an amplifier called upon to 
deal with transients must be capable of a much higher fre¬ 
quency response than a normal amplifier, and as a rough guide 
the amplifier should have not only a satisfactory response but 
negligible phase slyft at frequencies at least ten times as high 
as the maximum fundamental frequency to be handled. 

A typical example of a transient amplifier is a time-base 
amplifier which is called ujk)!! to amplify the saw-toothed 
wave generated by a time base. This has a slow rise followed 
by a very rapid fall and the time of the fiy-back or discharge 
period will in general lx? of the order of 10 per cent of the 
scan time. Hence, if we are scanning at a frequency of 
10 000 cycles per second, the fly-back will occupy 10 micro¬ 
seconds only. The amplifier therefore must have a satisfactory 
response as high as 100 kilocycles per second, otherwise the 
fly-back will be unduly prolonged. 

Apart from the fly-})aek, the correcrt reproduction of the 
saw-tooth wave itself Requires an extended frequency response. 
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A triangular wave can be built up of a fundamental sine wave 
together with a number of high-order harmonics of fairly 
large amplitude, so that in order to maintain true amplifica- 
Jbion, we require faithful reproduction of frequencies at least 
ten times the fundamental. 

Faults in Amplifiers. 

The deflection amplifier has to be virtually a perfect amplifier 
for we are using it to examine distortion in waveforms or other 
phenomena, and it is essential that the amplifier used in the 
measuring instrument should be above reproach. Very careful 
design is required if this condition is to be fulfilled. 

The faults experienced are of two main types, according to 
the type of distortion they introduce. The first is straight¬ 
forward amplitude distortion, to avoid which we must ensure 
that the output voltage is alw'ays strictly proportional to the 
input. This is another way of saying that the characteristic 
of the valve m\ist be straight over the working portion. It is 
usually assumed that the use of a high-resistance load will 
automatically accomplish this condition, but too hasty 
acceptance of this dictum w'ill quickly lead to difficulties. 

It is, of course, necessary to make sure that the amplifier 
will dehver the output voltage required, and this is best 
determined by drawing a load line on the characteristics 
of the valve in the manner already indicated in Fig. 60, 
p. 90. 

Fig. 60 (a), of course, does not by any means represent the 
optimum concbtion for operation of the particular valve repre¬ 
sented. The voltage swing is only 140 volts peak-to-peak, 
whereas, by increasing the load tW'O or three times, we could 
obtain an output approaching 180 volts peak-to-peak. More¬ 
over, since we are using high loads it is possible to operate 
with small anode current, in which case the anode voltage at 
the working point can be increased considerably. The average 
mains valve is rated to withstand 250 volts on the anode 
under normal load conditions, and if we are prepared to operate 
it with a lower anode current than necessary, the anode voltage 
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may safely be increased up to (or actually slightly below) the 
limit where the steady wattage dissipation, as given by the 
product of the anode voltage and the anode current, is the 
same as before. Under these conditions and with a suitable 
choice of load, the valve quoted in Fig. 60 (a) would be capable 
of delivering an output voltage of over 300 volts. 

When choosing the load line it is important to make sure 
not only that the peak swings from the working point to the ex¬ 
treme are equal on both sides, but also that similar equality is 
obtained at intermediate points. The anode voltage change for 
equal increments of grid voltage in both directions, up to and 
including the peaks, is read off from the load line. These 
anode voltage increases should be equal over the whole scale. 
It does not by any means follow that the load line which gives 
the maximum output necessarily complies with this condition. 
Pentode valves, in particular, require more careful examina¬ 
tion because there is a tendency for third-harmonic distortion 
to be introduced. With this form of distortion the anode 
voltage increments show a tendency to increase as the grid 
swing is increased and then to decrease again, so that although 
the peak values may be equal, distortion may nevertheless 
be present. 

A convenient method of checking the operation of a deflec¬ 
tion amplifier is to use the static characteristic method dis¬ 
cussed in Chapter VI. A voltage is applied to the horizontal 
deflector plates, and a small portion of this voltage is tapped 
off and applied to the amplifier which in turn feeds the vertical 
plates. This will give a diagonal trace on the screen, and if the 
amplification is distortionless this line will be truly straight 
over its whole length. 

Frequency Response. 

The other form of distortion is that arising from varying 
response at different frequencies. This is a comparatively 
simple matter to check by applying a known voltage to the 
input of the amplifier and noting the output voltage obtained 
by measuring the height of the line on the tube. In making 
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this test the time base can be switched out of action so that 
a simple vertical line is produced. It is desirable, if this is 
done, to reduce the intensity to avoid burning the screen, 
since, owing to the reduced travel of the spot, when it is not 
tracing out the waveform, the brilliance will increase con¬ 
siderably, and there is a risk of damaging the screen if the 
same intensity setting is used. 

Alternatively, the time base may be run at a much lower 
frequency than that under examination, so that a number of 
waves is introduced, degenerating into a band pattern of the 
type of Fig. 29, p. 43. The overall height of this pattern is 
an indication of the amplifier response. 

Phase Angle. 

The criteria governing low and high frequency-response 
have already been discussed fully, but a factor of considerable 
importance is that of phase angle at the low and high fre¬ 
quencies. When we feed voltage through a condenser and 
resistance in series, as in Fig. 59, p. 88, the current leads on 
the voltage by a small amount. The voltage across the resis¬ 
tance Ry which is the voltage applied to the tube, is in phase 
with the current, so that there is a small phase shift in 
transferring the voltage. 

This phase shift is easily calculable and is given by the 
expression 

tan 0 = 1/RCco 

Where d is the angle by which the output voltage leads the 
input voltage 

R is the resistance in megohms, 

C is the capacitance in jliF., 
and CO = 27 t X frequency. 

It will be seen that the larger the condenser relative to the 
resistance, the less is this phase shift. It will also be noted that 
for given values of condenser and resistance the phase shift 
increases as the frequency is reduced. This form of phase 
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error, therefore, only occurs at low frequencies and the 
amplifier must be designed to give a negligible pha^e shift at 
the lowest frequency to be handled. 

For 5® phase shift RCco = 11-4, while for 1° shift RC(x> = 57. 
It will be noted that the product RCco has to be much higher 
than is given by the expression for tolerable cut-off. 
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Fig. 64. Compensating Circuit for Maintaining Upper 
Frequency Response # 

/o is the frequency iit which /fOo = 1 . 

Similar expressions may be deduced for the liigh-frequency 
phase shift which is caused by the shunt capacitance of the 
circuit and when this is done we obtain the expression 

tan 0 — (oCoP/{l + r/P) 

where r is the a.c. resistance of the valve, in ohms, 

P is the anode resistance in ohms, 

C is the shunt capacitance in farads, 
and 0) — 2.T x frequency. 

If P is large .compared with r, this reduces to 
tan 0 ~ and for 5^ phase shift o)C„P must not 

exceed 0*0875. 

It is useful to note that high-frequency loss and phase shift 
may both be delayed by the introduction of a choke in series 
with the resistance. This choke resonates with the shunt 
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capacitance and maintains the response when it would nor¬ 
mally begin to fall off. It is, indeed, possible to make the 
response rise slightly before the cut-off occurs. Fig. 64 indi¬ 
cates the type of response obtained, and gives particulars 
relevant to the calculation of the 
appropriate choke. 

Ripple Voltage. 

A very common defect in de¬ 
flection amplifiers is ripple voltage 
picked up either from the powder 
suppl}?^ or from some other source, 
such as the time base or another 
amplifier. Any mains frequency 
picked up on the deflection amplifier will cause a movement 
of the spot in addition to the deflection provided by the 
amplifier. The waveform produced, therefore, will be the sum 
of these two waves. If we are looking at frequencies below 

the mains frequency, the 
presence of this ripple 
will introduce harmo¬ 
nics which may or may 
not be an exact multiple 
of the waveform under 
examination. At mains 
frequency this ripple 
will add to the waveform 
under ('xa mi nation and 
may introduce ])hase 
distortion. If the wave¬ 
form under examination 
is not at mains frequency, hut is .still low. then th(‘ am])litude 
of the wiiV(^ will be continually changing at a slow' rate depend¬ 
ing on tlu‘ beats b('tw'e(‘n tlie mains frequency and the fre- 
(piency uiahu- test. 

As the frequency ri.ses this variation in amplitude will result 
in a })lurred image. Figs. 65 (a) and (d) are instantaneous 



Fig. 65 ( h ). Another Effect Due to 
Mains Riffle 



Fig. 65 ( a ). Illustrating 
Effect of Mains Riffle 

SUFERFOSED ON AUDIO¬ 
FREQUENCY Waveform 
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photographs, at two different time-base frequencies, of a 
1 000 cycle wave with a small amount of 50 cycle mains 
voltage superposed. It will be seen that in tla* second case 
two entirely distinct waves are present. In practice, a station¬ 
ary pattern of this type would not be encountered and one 
would have two or more waves permanently showing on the 
screen, each bobbing up and down slightly and giving a 
thoroughly confused pattern. 

Similar effects are experienced if the ripple voltage picked 
up is of other frequency, and the only remedy, of course, is to 
remove the source of the ripple. It is assumed that the trouble 
is not due to magnetic deflection, which has already been 
discussed in Chapters II and III. In certain cases trouble has 
been experienced due to the use of directly heated tubes (and 
sometimes indirectly heated types) in which a small magnetic 
deflection is produced by the passage of current through the 
tube heater. 

Any difficulties on this score may be eliminated by removing 
the connections to the tube heater and feeding it from a 
battery, through a resistance and filament ammeter if neces¬ 
sary. Care should be taken in conducting any test of this 
type, since the cathode and heater of a normal oscillograph 
tube are not at earth potential but are negative to earth by 
the full tube h.t. Therefore, the filament circuit should not 
be touched when the apparatus is switched on. 

If, however, the short-circuiting of all the plates to the 
gun removes the deflection, then the interference is coming 
in on the deflection amplifier and will probably be found to be 
due either to pick-up direct on the grid or to imperfect smooth¬ 
ing, either in the h.t. or screen feed. Pick-up on the grid may 
be verified by short-circuiting the grid to earth as close to the 
valve as possible, when the interference should disappear if it 
is due to this form of pick-up. Inadequate smoothing may be 
checked by increasing the smoothing at suitable points. 
Screens of pentodes are vulnerable points for this form of 
interference. 

Shifts are another fruitful source of mains ripple. This form 
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of interference was discussed on page 82. The remarks there 
which were concerned mainly with horizontal ripple deflection 
apply equally well to vertical deflection, and the same 
remedies may be used. 

Intermodulation. 

Interaction between the deflection amplifier and the time 
base may have two effects. The first is the modulation of the 
time-base voltage by the 
work which has already 
been discussed in Chapter 
III (Fig. 58). The other is 
the converse effect whereby 
a small deflection is intro¬ 
duced in the vertical direc¬ 
tion as a result of the time _ 

base. This causes the pat- Fig. 66. Effect Produced by 
tern to lift slowly as it Introdi^ction of Time-base 
travels across the screen, Voltage into the Vertical Scan 
as illustrated in Fig. 66. 

The remedy is to find where the interaction is coming from, 
and to remove the particular part of the circuit which is 
causing the trouble. For example, if both time base and 
amplifier are being fed from a common h.t. supply, it is 
possible that the voltage of the power supply is fluctuating 
slightly at time-base frequency due to the internal resistance 
of the power unit, as explained on page 85, and the remedy 
is to decouple the circuit suitably. 

Compensation. 

The fact that many oscillograph tubes have both pairs of 
deflector plates brought out enables one to compensate in 
many instances for voltages which are difficult to eliminate. 
For instance, a voltage may be introduced by capacitance 
coupling which may be extremely difficult to avoid. It could 
be neutralized by feeding an equivalent voltage through a 
negative capacitance, but we have no such component at our 
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disposal, for an inductance can only be used in this manner 
at one particular frequency. 

A similar voltage fed on to the other deflector plate of the 
pair, however, would produce a deflection in the opposite 
direction, and this fact may often be utilized to provide a 
means of remo^dng an unauthorized deflection. 

Fig. 67 illustrates a typical example of a simple oscilloscope 
in which a ripple voltage was introduced on one of the deflector 



plates by virtue of inadequate smoothing in the h.t. supply 
to the deflector amplifier. In this particular instance it was not 
desired to increase the smoothing from considerations of cost, 
and a far simpler remedy was to connect the other deflector 
plate of the same pair to a suitable jx)int on a (fixed) potentio¬ 
meter across the supply (through a suitable isolating con¬ 
denser) so that it picked up .sufficient voltage to offset the 
ripple introduced by the deflection amplifier. 

Tactics of this sort are often expedi(‘nt and more helpful 
than the complete removal of the oflending ripple which may 
either Ixj an expensive matter or may of itself introduce 
difficulties or limitations as bad as, if not worse than, the 
trouble which is to be overcome. 



CHAPTER V 

FREQUENCY-RESPONSE CUR^S 

An application of the oscilloscope which is increasingly used 
to-day is the plotting of the variations in output voltage or 
response of a circuit in terms of frequency. This is a matter 
which interests the communications engineer to a large extent, 
both in radio- and audio-frequency work. 

The general principle of operation is to apply to the circuit 
under test a varying frequency, and to develop a voltage 
which is proportional to the output of the circuit, which is 
then applied to the vertical deflecting plates of an oscilloscope. 
The horizontal movement of the spot is controlled by a circuit 
which operates in a manner proportional to the frequency 
supplied to the circuit, so that as the frequency varies, the 
spot moves horizontally across the screen in unison, and the 
vertical movement of the spot then traces out the actual 
response. 

The method of application of this principle varies according 
to the requirements. It is most easily applied at radio fre¬ 
quencies, for here it is possible to cause the frequency to vary 
at a sufficiently rapid rate to permit repetition at a speed above 
the flicker limit, as in the case of the ordinary delineation of 
waveform. If the oscillator, for example, is caused to vary in 
frequency between predetermined limits fifty times a second, 
then an ordinary time base can be arranged to scan the tube 
in the usual manner, also fifty times a second. At each opera¬ 
tion the required response curve would be traced out and the 
net result would be an apparently stationary pattern on 
the tube. 

The repetition rate must not be too high or, with a sharply 
tuned circuit, the response obtained will not be the same as 
that which would be obtained under static conditions. It is, 
indeed, argued in some quarters that the method is invalid 
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for serious work on this account, but for experimental investi¬ 
gation of the behaviour of circuits, particularly those involving 
band-pass tuning, there is no question that the method is one 
of considerable utility. 

Motor-driven Modulators. 

The combination of variable-frequency oscillator and time 
base is known as a frequency modulator. One of the earliest 
forms used consisted of a motor driving a small condenser 
which was connected in parallel with the normal tuning con¬ 
denser of an oscillator. If this auxiliary condenser is suitably 
designed, the change in frequency with rotation can be made 
linear. The time base, therefore, can consist of a simple 
condenser, charged through a high resistance or a constant 
current arrangement such as a pentode, and then discharged 
by a contact on the motor shaft at the appropriate point. As 
the motor rotates and therefore varies the frequency of the 
circuit, the time-base condenser charges up and causes the 
spot to move horizontally across the screen, and when the 
motor has completed half a revolution and thereby provided 
the maximum frequency change, the contact discharges the 
condenser and the operation is ready to recommence. 

A feature of this method is that during the second half¬ 
revolution of the motor, the frequency changes in the 
reverse direction, so that if it increased during the first half- 
revolution it now decreases and therefore a second response 
curve is plotted which will be different from the first unless 
the circuit is strictly symmetrical, which is not likely. Fig. 
68 (a) shows the type of double image obtained. 

With simple receivers the presence of asymmetry is accepted 
as inevitable so that this double image is a source of embarrass¬ 
ment. With higher grade receivers, on the other hand, efforts 
are made to achieve a truly symmetrical resonance curve and 
this double image is of considerable value. We shall discuss 
the matter further later in the chapter, but for the present 
we shall consider methods which only produce a single image. 

One obvious solution is to discharge the time base once 
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every revolution of the motor, in which case two images are 
obtained side by side, one being the mirror image of the 
other, as illustrated in Fig. 68 (6). This may be less confusing 
since it is possible to displace the second image off the screen 
altogether so that only one image appears. This procedure 
loses half the brilliance in the trace, and the intensity itself 




Fig. 68. An A.C. Swi*:ep Produces Double Images or this 

Kind 

The displacement of the Images in the left-hand diagram is 
exaggerated. 


must be correspondingly increased, which may possibly 
involve some loss of focus. 

It is also possible to arrange to black-out the spot on the 
return stroke, which may be done by an auxiliary contact on 
the motor shaft which is closed during the forward sweep and 
opened during the second half-revolution. This contact would 
be connected across part of the potentiometer feeding the 
shield of the tube, which would be aidjusted to give normal 
brilliance with the contact closed. When the contact is open 
the shield bias is increased and therefore the spot blacks out. 
A similar black-out arrangement could be produced electrically, 
as is discussed later. 

Electronic Modulators. 

More recent forms of the device utilize electrical methods of 
varying the frequency. One simple arrangement is to employ 
the Miller effect of a valve. It was explained in the, previous 



110 CATHODE-RAY OSCILLOGRAPHS 

chapter that the input capacitance of a valve is not simply 
the grid-cathode capacitance, but contains in addition an 
effective parallel capacitance equal to ^ cos 6). If 6 is 

0 (resistive anode load) and A is large compared with unity 
this becomes simply A w^hich is many times as great as 
the static capacitance Cgf, 

Normally, the amplification is fixed, but if we can arrange 
to vary the gain of the stage, then this reflected capacitance 
will change. Fig. 69 illustrates a circuit in which a vari-mu 



valve is connected acro.s8 the tuned circuit of an ordinary 
oscillator. The anode circuit of the control valve contains a 
resistance sufficient for the valve to develop a reasonable gain 
at the oscillator frequency. We do not u.se this amplified 
voltage, but it is necessary that the valve shall be in a con¬ 
dition of amplification so that the reflected capacitance shall 
be large. In addition to the steady bias on the valve we 
superpose a control voltage which causes the bias to change 
and therefore varies the amplification, and as it does so the 
effective capacitance in parallel with the oscillator changes 
and consequently alters the frequency. 

As before, it is necessary that the change in frequency 
should be proportional to the control voltage, and if the per¬ 
centage change in frequency is small the variation of capaci¬ 
tance (or other quantity employed to vary the frequency) 
must be linear. Hence the gain of the control valve needs to 
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be directly proportional to the control voltage, which con¬ 
dition can be obtained with a vari-mu valve over a limited 
range. 

Normally the actual frequency change produced will vary 
as the frequency is altered. Certain circuits (detailed later) 
will give a constant ratio of dfjfy but no circuit will give a 
constant actual change of frequency, whereas for many 
investigations this is desirable. 

One solution of the problem is to use two oscillators, one 



Variable OsciHaior Control Voltage 


Fig. 70. Frequency Modulating Circuit giving 
Constant Sweep 

fixed but frequency-modulated and the other variable. The 
two are mixed in a frequency changer, and the beats will then 
be frequency-modulated by a fixed amount, while the actual 
frequency can be altered at will by adjustment of the variable 
oscillator. Such a circuit is shown in Fig. 70. 

Application of Control Voltage. 

The control voltage can be supplied in various ways. One 
could, for example, apply the ordinary a.c. supply to the 
control grid, and a similar a.c. voltage to the horizontal 
deflector plates of the tube. Then although the movement of 
the spot itself would not by any means be uniform, the change 
in frequency would follow the same law and the position of 
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the spot would at every instant be proportional to the 
frequency, so that a true resonance curve would result. 

The forward and return traces should coincide, for when the 
spot is returning the frequency varies in the reverse direction. 
In practice, however, the traces are usually slightly displaced, 
particularly at high sweep speeds, which may cause confusion 



Fio. 71. Arrangement for Blacking-out Return Trace 


unless arrangements are made to black-out the spot during 
one-half of the cycle. This could be done by using the circuit 
as shown in Fig. 71. During the negative half-cycle, the diode 
is non-conducting and current will flow through the resistances 
P and R which will develop at the point A a negative voltage 
relative to cathode. This is applied to the shield of the tube 
and causes it to black-out. During the positive half-cycle 
the diode short-circuits the resistance R so that the bottom 
portion of the potentiometer P + i? is short-circuited. Hence 
practically none of the positive half-cycle is actually applied 
to the tube, which thus behaves in a more or less normal 
manner during this part of the wave. 

It is necessary for the black-out voltage to be correctly 
phased. The effective part of the control voltage is the steep 
portion where the curve crosses the zero line, so that we want 
to use the portion from negative peak to positive peak of the 
a.c. wave and suppress the next half-wave from positive peak 
back to negative peak again. 

We must therefore apply the a.c. to the black-out circuit 
through a phasing network which advances or retards the 
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voltage by 90°. Such a circuit is shown in Fig. 71. The design 
of such networks is discussed in Chapter IX. 

An alternative frequency-modulator circuit may be provided 
by using a time base for the control voltage, this being the 
same time base as is used to scan the tube. Then as the spot 
moves horizontally in conformity with the varying time-base 



voltage, the frequency of the oscillator changes in the same 
manner, uniformly and linearly, until the spot reaches the end 
of its sweep when it flies back and recommences the operation. 
Since the fly-back will normally be very rapid the wave traced 
out on the return stroke is barely visible, although in some of 
the photographs in this chapter a faint trace can be seen. 

Use of Reactor Valve. 

There are various other methods of altering the frequency 
electrically. In some instances the damping effect of a valve 
is used, for if a resistance is connected across a tuned circuit 
the frequency changes, and since the effective resistance 
between anode and cathode of the valve is controlled by grid 
bias this provides another method of frequency variation. 

A more common method to-day is to use a reactor valve, 
which is a valve so connected as to “look like’' a reactance. 
Consider the circuit of Fig. 72 (a). If a voltage is applied 
across the terminals AB, then a voltage will be applied across 
grid and cathode which- will lead on the input voltage. If R 
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is made large compared mth Z/co, the current through this 
network will be practically in phase with the voltage and 
therefore the voltage on the grid will lead by almost exactly 
90°. 

If this network is connected in a circuit the point A (con¬ 
nected to the anode) will be capable of varying in potential, 
and because of the normal action of the valve, these anode 


HT. 



Control 

Voltage 


Fio. 73. Frequency Modulated Oscillator using 
Inductance Change 


voltage variations will be in the opposite direction to the grid 
voltage variations. Therefore, the voltage on the anode will 
vary as if the valve were a (negative) capacitance. The value 
of this effective capacitance wall depend upon the gain of the 
valve, which we can control either by varying the grid bias or 
by varying the voltage on some other electrode such as the sup¬ 
pressor grid. The effective capacitance across AB ~ — gLfR, 
g being the slope of the valve. 

An evgn more convenient circuit is that shown in Fig. 72 (6), 
where the network contains a resistance and condenser in 
series, in which case the valve between the points A and B 
looks like a negative inductance. This is often convenient, for if 
we are able to change the inductance in a circuit, the per¬ 
centage change of frequency will remein the same irrespective 
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of the value of the tuning condenser that it employs. The 
effective inductance is — RCfg, and Fig. 73 shows a circuit 
using this form of control. 

It is often useful to know what frequency variation is 



8^^- -w^L^8R/f^3 
provided R»co^L^ 






C 8f/p = -8L/2^I_ 

Fig. 74. Fundamental Frequency Modulating Circuits 

obtainable with given conditions. Fig. 74 shows a number of 
possible arrangements with expressions for dfjf in each case. 
/ is the mean frequency and df is tlie change produced. 

Magnetic Methods of Frequency Modulation. 

Reference may be made to certain other types of circuit 
which are used. One of the limitations of the reactor valve 
is the relatively small change of frequency which can be 
produced. If, for exarai)le, we require a 20 per cent change in 
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frequency, the reactiince must be varied by 40 per cent, which 
is difficult of accomplishment within linear conditions. 

The use of beat-frequency technique simplifies the problem, 
for the change in primary frequency is then a much smaller 
proportion. Thus a 100 kilocycles sweep in 500 would be hard 
to achieve directly, but if an oscillator operating between 


Iron Dust 
'Pot' Core 
Containing 
Tuned 

Inductance 

Polarising Winding 

Fig. 75. Magnetic Arrangement for Frequency Modulation 

5000 and 5 100 were caused to beat with a frequency of 4 500 
we should obtain the required result easily enough. 

The beat-frequency technique, however, has its own diffi¬ 
culties. Accurate calibration of the beat is awkward, while 
the possible drift of the beat frequency due to drift of the 
primary oscillators is an ever present trouble since stable 
high-frequency oscillators are difficult to construct. Finally, 
there is the need for adequate filtering of the unwanted r.f. 
components without adversely affecting the beat output. 

One method of direct modulation which is very successful 
is illustrated in Fig. 75. Here the inductance of the oscillator 
circuit (or part of it) is wound on a dust iron core and located 
in the path of a d.c. magnetic circuit. The inductance of the 
coil is then dependent on the value of steady flux in the cir¬ 
cuit (in the same way as the inductance of an iron-cored choke 
depends on the d.c. polarization). By varying the current in 
the main magnet coil the flux, and hence the inductance, can 
be varied over wide limits. With due precautions the change 
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is linear and a frequency change of 25 or 30 per cent is quite 
feasible. The method can only be used at frequencies for which 
the customary iron dust core is effective since the change in 
inductance depends on the alteration in permeability of the 
core, but frequencies of several megacycles per second can be 
handled satisfactorily. 

Double Image Working 

The possibility of showing two traces, one with rising fre¬ 
quency and the other with falling frequency, has already been 
referred to. In general, the mechanical frequency modulator 
has been displaced by the electronic type, but this does not 
lend itself so readily to double-image oi)eration. 

One method wliich has been used employs an a.c. sweep for 
the frequency modulator but a normal time base, synchronized 
from the a.c. supply, for the scan on tlie tube. This provides 
the desired result, with the disadvantage that the frequency 
scale is non-linear, since the time base is linear while the fre¬ 
quency sweep is sinusoidal. The effect is to open out the 
central portion and compress the edges, and while a calibrated 
cover scale may be used to allow for the non-linearity, one is 
often particularly interested in the “skirts'’ of the resonance 
curve, which witli this system will be located in the compressed 
portion. 

A solution of this difficulty, which has been used by the 
author witli success, is to convert the mains a.c. waveform to a 
square top and then to integrate this wave. The result will be 
a triangular wave rising and falling at a uniform rate. The 
modulator is then fed with a normal time base, s\mchronized 
from the mains, so that w’hile the oscillator frequency always 
changes in the same direction (with a rapid fly-back), the X 
scan on the tube is a linear to-and-fro motion. 

The integrating circuit used is of the type discussed in 
Chapter IX. The method is capable of application to other 
frequencies, and one can, in fact, generate a square wave by 
any convenient means at any desired frequency and use this 
as the primary source. 
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Resonance Curves. 

The application of this technique to resonance curves is 
straightforward. It is necessary to develop a voltage which is 
proportional to the response of the circuit under examination. 
The actual voltage applied to the circuit, of course, is a radio 
frequency, and we are not interested in the actual variation 
of radio-frequency current but only in the amplitude of the 



Fio. 76. Illustrating Point at which Voltage sholtld 
BE Measured 


current or voltage developed at different frequencies. We must, 
therefore, connect some form of valve voltmeter across the 
circuit which will give a maximum indication when tlie circuit 
is in tune and some smaller indication on either side, depending 
upon the actual value of the voltage. 

A simple type of valve voltmeter is a diode, and it is con¬ 
venient in many instances to use the actual diode detector in 
the receiver. Fig. 70 illustrates three detector circuits, the 
first two being diode circuits and the third being a triode grid 
detector. The input to the oscilloscape must be connected 
directly to the point A in each case, so that it picks up its 
voltage directly from the diode load, or from the anode circuit 
of the detector, without going through any coupling condensers. 
This is important because the time constant of the coupling 
condensers u.sed in the average radio receiver is quite in¬ 
adequate to sustain the resonance curve for the required 
length of time. » 

Let us consider this point in detail. When the time base 
commences to move the spot across the siTcen, the frequency 
of the oscillator begins to change, (bnditions would be 
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adjusted so that the frequency of the oscillator at this point 
was just outside the normal tuning band of the receiver. As 
the frequency changes, the voltage developed across the 
detector rises. This rise in voltage will charge up the coupling 
condenser and the voltage will be transferred to the tube. As 
the frequency continues to increase, the voltage continues to 
rise until the resonance point is reached at which maximum 



Fig. 77. Typk of Image Ohtain'ed with Too Short a 
Time Constant 

response is obtained. Beyond this ])oint the voltage will begin 
to fall and w(‘ shall finish up at the end of the sweep with zero 
voltage again (assuming lliat our frequency variation has been 
sufficient to swe<*p ov(‘r the complete n'sonance curve). 

Sup])Ost‘, how(‘V(‘r, that the time constant of the coupling 
condenser and h'ak is too short, which means that it is unable 
to sustain a charge for more than a small fraction of a second. 
Th(‘ whol(‘ of the time that the voltage is rising the charge 
on the condenser is leaking away so that the rise in voltage 
will not be as great as it should be. As soon as the voltage 
begins to fall this discharge will be helped and a very rapid 
falling off in voltage will result, actually carrying itself beyond 
the zero line and finishing up at some point below the correct 
zero level, after which it will restore itself to zero in its own 
time giving us a waveform of the type illustrated in Fig. 77, 

5-{T.I25) 
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whereas wliat we should obtain, and what we do obtain if the 
time constant of the coii])ling condenser and leak is sufficient, 
is a curve of the t 3 ^pe shown in Fig. 7S. 

Actually, the curvt' of Fig. 77 is a “ditferential” curve pro¬ 
portional to the slope of the curve of Fig. 7S, as is explained 
in Chapter IX. 

The time constants of the coupling conden.sers in tlie average 
set are generally too small to be satisfactory, whereas most 



o.scilloscopes, being int(‘nded for use* at fre(piencies of 2o cycles 
or less, have an adequate time constant. If the curve shows 
any signs of being like Fig. 77, how(‘V(‘r. this is the probable 
cause. 

Adjustment of Frequency. 

The adjustment of the oscillator fecaling the receiver, or 
conversely the adjustment of tin* tune of the circuit, must be 
arranged until the resonance curve ap])cars in the centre of 
the screen. If the oscillator is not correctly tuned then the 
varying frequency will not pnaluce any response from the 
receiver, and the pattern on the tube will simply be a hori¬ 
zontal line. As the tnrung is varied, one sid(‘ of the line will 
tilt and gradually a re.sonance curve will appear passing 
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through tlie picture and disappearing again the other side. As 
a rule the adjustment is fairly critical, and the tune must be 
set so that the curve appears in the middle. 

Frequency Sweep. 

The actual range of frequency variation has an effect on 
the shape of the curve. If the frequency band is large then the 
resonance curve will appear steep and narrow, for obviously if 



Fig. 79. Douhle-hump Resonance Curve Obtained with 
Band-PASS Fiuter 

we have a re.sonance curve in which the voltage falls nearly 
to zero, say 10 kilocycles per s(‘Cond each side of resonance 
(20 kilocycles per second in all), and we a])])ly a frequenc}^ 
sweep of 100 kilocycles pm' second, the resonance curve itself 
will only occupy one-fifth of the total \Aidth of the tube. 
As we reduce the sweep (i.e. the frequency sweep, not the 
actual length of travel of the spot aeross the screen) the 
resonance curve will occupy a larger pro])orti()n of the picture, 
and, in general, one should arrange the frequency variation 
to be such as to give an image* whii'h just occupies the full 
width of the scri'cn, as illustrated in Fig. 78. 

Fig. 70 illustrates the double-humped curve obtained w'ith 
a correctly tuned hand-])ass filter. Both the humps are of the 
same height and the curve is symmc'trical in shape. Fig. 80 
shows the effect of mistiming one of the circuits. It will be 
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seen that one of the humps has slipped right down and is in 
fact barely visible. 

The use of the cathode-ray tube in this way is very con¬ 
venient in examining experimental circuits and in certain 
instances the circuit may be merely a hook-up without any 
detector incorporated. In such circumstances it is necessary 
to provide a detector connected across the circuit and if, as 
is usually the case, it is not desired to affect the response 



Fig. ho. Efe'ect on Fig. 79 of MisTtrsiNO 
One of the Circcits 


seriously, an anode-bend detector may be tonploved. This 
would b(‘ constructed on the same lines as a simple deflection 
amplifier, but would be considerably ov(‘r-biased. In fact, in 
some oscilloscoj)es jirovision is incorporat(‘d for ins(‘rting an 
extra cathode-bias r(*sistance of something like 20 000 ohms 
which ov(‘r-biases the valve into such a condition that it acts 
as an ancxlc-beiul delector. 

Modulated Envelope. 

In some cases it is convenient not to us(' a d(dector at all, 
but merely to examine the modulated radio freqiuuicy. As 
explained in Chapter VJII, a radio-freepamey o.scillation a])[)lied 
to the vertical deflector ])lat(‘s of a tube with a normal audio¬ 
frequency time base will just produce a band of light made up 
of a large numb«?r of radio-freijuency oscillations very close 
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together. If we are using a frequency modulator then the 
height of this band will vary according to the response of the 
circuit. As we sweep through resonance, in fact, the band will 



Fiq. 81. Modulated Envelopes Obtained by Omitting Djjtector 


'J'Ik* inside of th(' rn\elope is iiunnally hrijilit. In tlii^ iiistaiiee the intensity 
control has hei'ii rediiec-d so that only the edjte^ ol the (‘iivelope these 

beiiiK brighter than tlu' lest of the imatre. 


(Mullard Wireless Service Co.) 


expand and then contract again, giving what is in effect two 
resonance curves, one upside down, with the space in between 
them filled in with light. 


For many purposes, a simple 
arrangement of this character tells 
us all we want to know and avoids 
any difficulties due to the intro¬ 
duction of detectors or amplifiers. 
Since we are dealing with radio 
frequency the question of time 
constant hardly arises, for any 
circuit which is suitable for audio 
frequency will have a time con¬ 
stant quite adequate for radio 
frequencies. Moreover, the volt¬ 
age developed in the circuit, par¬ 
ticularly in an actual receiver, is 



Fig. 82. If the Amplitude 
IS Too Great the Top of 
THE Resonance Curve will 


often sufficient to apply direct to be Off the Screen 
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the tube without any amplification. Fig. 81 illustrates two 
typical examples of a modulated envelope of this type, one 
for a single circuit and thy other for a hand-pass circuit. 



Fig. 8;L Top of Kesonance Curve Cut Off Due to 
Overloading of the Deflection Amplifier in the 
Oscillograph 

Faults in Frequency Modulators. 

There are various defects which can occur with frequency 



Fig. 84. Partial Resonance Curve Obtained by 
Using Too Small a Frequency Sweep 


modulating equipment, some of them arising mainly from 
unfamiliaritv with the cficcts and some from definite faults. 
Fig. 82, for example, represents a resonance curve in which 
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too large an amplitude has been applied to the vertical deflector 
plates, so that the image has disap])eared ofl the top of the tube. 
Fig. 83 represents the condition where the amplifier in the 
oscilloscop(i is being overloaded. This is a condition which 
should not occur, of course, but it ma^^ do in practice, and 
the result has been that the top of the resonance curve has 
been cut ofl sharplv, giving what miglit at first appear a very 
desirable resonance curve, whereas actually it is not a correct 
record of the behaviour of the circuit. 



Fig. ST). Pakasitic Oscillation on Resonance Curve 

Fig. 84 shows the eflect of using too small a sweep. It is 
actually the resonance curve of Fig. 79 with the frequency 
sweep reduced to one-third of the value shown in that figure. 
TJierefore the response shown is merely that of the tops 
of the curve, and while this may be useful for some special 
examination it is normally valueless. 

Fig. 85 show's a parasitic oscillation. This form of dis¬ 
turbance is due to a beating betw'een a harmonic of the 
oscillator and either tlie fundamental or a harmonic of the 
local oscillator in the receiver (wdiieh was a superlieterod}Tie). 
If the frequency modlilator is being used to line up a receiver, 
a parasitic oscillation of this type may be disregarded, and the 
adjustment of the circuit earrii'd on in the normal way. If 
one is particularly examining the resonance curve then the 
simplest remedy is to change the frequency very slightly, when 
t^he parasitic oscillation will appear at some other portion of 
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the frequency spectrum and will not come within the actual 
resonance curve. 

Effect of A.V.C. 

When lining up receivers the effect of a.v.c. must be borne 
in mind. This will limit the amplitude of the voltage developed 
across the detector circuit, so that all the images obtained 
will appear to be much the same height, but as more and more 



Fig. 80. Images Obtained during the Progressive Lining 
Up of Receiver 


circuits are introduced they will tend to get narrower. Fig. 86, 
for example, represents successive images obtained in lining up 
a receiver. In the left-hand diagram the frequency-modulated 
input was applied to the grid of the i.f. valve so that only two 
tuned circuits were in operation prior to the detector, and a 
fairly broad-topped rc^sonance curve was obtained. The second 
diagram shows the result when the input was transferred to the 
grid of the frequency-changer valve which now brings into 
play the full i.f. amplifier. The height of the curve remains the 
same due to the action of the a.v.c., but the curve has become 
very much narrower and more steeydy sided, and also the 
double hump due to the band-pass tuning is now clearly 
evident. The right-hand curve shows the effect of a mis¬ 
alignment of one of the tuned circuits causing the second 
hump to slip. It will be noted that this has produced a distinct 
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broadening of the whole curve, so that not only will the quahty 
suffer but the selectivity will also be impaired. Yet, if 
this receiver were lined up with a voltmeter or output meter, 
both these two adjustments would give practically the same 
reading. 

Inverted Images. 

It should be noted that the resonance curve may appear 
upside down. It has already been explained that the cathode- 
ray tube cannot say which way up a curve is, and it is quite 
feasible therefore for a curve to appear inverted. The voltage 
developed across the diode load is negative relative to earth, 
and if this is passed through an amplifier positive voltages 
would be developed, which may or may not produce an upward 
deflection on the tube. If they produce a reversed deflection 
one remedy is to leave out the amplifier which will auto¬ 
matically invert the image, although this will not give such 
a large curve. 

Reversing the input leads, i.e. the leads connected across 
diode and earth in the receiver, may be adopted, although this 
will sometimes introduce hum. If any difficulty is experienced 
in turning the imago the right way up, it is simplest to work 
with it inverted as the information obtained is just as valid. 

Hum. 

Mains ripple (hum) is, of course, a source of trouble, as in 
most oscillograph investigations. If hum is present on the 
deflection amplifier the image will w^obble up and down as 
explained in the previous chapter, giving either a blurred 
image if the frequency is well removed from the mains fre¬ 
quency, or a slow’^ and disconcerting up-and-down movement 
if the sweep frequency happens to be close to that of the mains. 
This form of hum can be picked up on the input leads, and the 
deflection amplifier itself may be quite above reproach in this 
respect. One simple solution of the difficulty is to operate the 
sweep at mains frequency, when any troubles of this sort will 
disappear, and in many instances this is the simplest solution, 
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for the location and removal of ripple can be quite a 
troublesome business. 

The same remarks apply to any hum actually introduced 
on the frequency-modulator circuit. This can cause very dis¬ 
concerting efYects producing quite unauthorized bulges and 
depressions on tlie resonance curve which will all disappear in 



Fig. 87. Circuit for Low-frequkncy Response Curves 

a most satisfactory manner if tlie sweep is run at 50 cycles 
per second. 

Audio-frequency Curves. 

We may conclude the chapter with a brief reference to other 
forms of Irequency response curv'c. Audio-frequency curves 
are not so easy to trace, principally )>ecause it is impossible to 
sweep through the frequency range required in a sufficicuitly 
rapid time to permit continuous repetition of the sweep as is 
possible with radio frequencies. It is practicable, however, to 
use delay screens or alternatively to use a ])hotographic tube 
and obtain a camera record. The horizontal movement of the 
spot is linked up with the frequency in the same way as before. 
For example, a beat-frequency oscillator could be used in 
which one of the oscillators is capable of frequency modulation. 

In this case the modulation would not be a rapid affair, 
but would be produced by actually varying tlie bias on the 
valve with a hand-rotated potentiometer or by using a variable 
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condenser in parallel with the frequency control condenser of 
the oscillator. A second potentiometer ganged with the first 
and drawing supply from a battery would apply voltage to the 
horizontal deflector plates, so that the spot would take up a 
position proportional to the frequency. 

A suitable detector connected across the output of the 
amplifier or other device would then record the response at 
each frequency, and quite satisfactory results can be obtained. 



Fig. 88. Flectronic Sweep Circuit for Low-frequency 
Response Curve 

Using a delay screen one could sweep over the audio-frequency 
spectrum in perhaps one second, and the afterglow on the 
screen would then permit the response curve to be examined 
for a matter of five or six seconds afterwards. If a photo¬ 
graph of the trace is taken then a permanent record of the 
response will be obtained. Fig. 87 illustrates a typical circuit 
for a low-frequency response (^f this type. 

A slightly dilTerent method of obtaining the horizontal 
movement of the spot is illustrated in Fig. 88. Here, a fre¬ 
quency modulator in the ordinary sense of the word is not 
used at all, but merely an ordinary variable oscillator, such as 
a beat-frequency oscillator or other source of variable fre¬ 
quency. A gliding tone frequency record could, in fact, be 
used for the purpose. This frequency is applied to the ampfi- 
fier under examination in the normal way, and it is also applied 
(through another amplifier if necessary) to a resistance con¬ 
denser network. The voltage across the condenser will be large 
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at low frequencies, so that only a small percentage of the 
total voltage will be developed across the resistance. As the 
frequency rises the reactance of the condenser falls, and more 
and more voltage is developed across the resistance. 

The voltage across the resistance, therefore, is fed into a 
diode and develops a d.c. potential which is proportional to 
the frequency. This potential is applied to the dellector plates 
of the tube and causes the horizontal deflection. By suitable 
choice of values of condenser and resistance it is possible 
to obtain a substantially linear variation of voltage with 
frequency. 

The only requirement is that the reaetanct'. of the condenser 
at the highest frequency involved shall be lai'ge compared 
with the resistance. Tlie voltage across the resistance is 


R 

(R+i/jojcy 


If l/jcoC is large compared with R, this iK^comes 


simply jeoCR. Hence the voltage across R is directly pro¬ 
portional to the frequency. 

The advantage of this method is that the law of the frequency 
sources does not matter. Nor is it important liow quickly or 
slowly the frequency is varied, for th(‘ movement of the spot 
is at all instants proportional to the frequency, and therefore 
a faithful response curve is plotted. 



CHAPTER VI 

CHARACTERISTIC MEASUREMENTS 

The cathode-ra 3 ^ tube may be used for the tracing of 
characteristics and diagrams of various types. Any ordinary 
characteristic is a representation of the manner in which some 
quantity varies in terms of some other quantity. The primary 
variable is plotted along the horizontal axis and the unknown 



quantitv along the vertical axis. Since a cathode-rav tube 
provid(‘s means for moving the spot both horizontal!}" and 
vertically, it follows that practically any phenomenon which 
can be represented by a gra])h or chart can be di'awn for 
us on the cathode-rav tulx*. The horizontal plates must be 
supplied with a voltage ])roportional to the primar}" vari- 
abU‘ and the v(‘rtical plates supplied from the seeondaiy 
or unknown quant it\". 

Valve Curves. 

A typical example of this is in the plotting of valve 
characteristics. The valve is set up in the normal way with 
suitable d.c. anode and grid voltages. An a.c. voltage is then 

1.31 
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introduced in series with tho stead}' supply to whichever 
electrode is under investigation. The same voltage is applied 
suitably (amplified or reduced) to the horizontal deflector 
plates of the tube. 



The valve current is conveniently 
measured by inserting a small resist¬ 
ance in the anode circuit. The voltage 
developed across this is proportional 
to the cuiTent, and may be fed 
through a deflection amplifier to the 
vertical deflector plates. Fig. 89 shows 
one suitable circuit for plotting the 
IJEg and curves of a valve 


Fig. 89 («), IJEg respectively, while Fig. 89 {a) shows 
Ch.a.hactekistic*’ an actual characteristic. 


The method of varying the voltage 
on the grid or tiie anode depends on the requirements. Where 
one is only concerned with grid voltage variations which do 
not involve any power, 
a simple time base can 
be used which will 
trace out the charac¬ 
teristic on its forward 
stroke and fly-back 
very rapidly. The same 
time base, of course, 
would be used to feed 
the tube and this 

method has the ad- QB. 



vantage that it obvi- Fig. 90. Circuit for 

ates the stray loops Characteristic's 

discussed later. 


On the other hand, no power can be taken by this method 
and a more usual arrangmnent is to apply the a.c. from the 
mains and a similar voltage to the horizontal deflector plates. 
The curve of Fig. 89 (a) was taken by this means. 

For IJEa curves power has to be supplied and the circuit 
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of Fig. 90 may be used. The alternating voltage is fed from 
the a.e. supply as before, but the voltage to theX plates is fed 
off a potentiometer across the secondary winding. If it is fed 
off tlic primary, the leakage reactance introduces a small 
phase difference between the voltage applied to the tube and 
that on the valve, and a looped characteristic will result as 
explained later. Note also that h.t.-j- is earthed. 



(a) ib) 

Fig. 91. Effects of Tnx’orrect Sweep 


Sweep Voltage. 

The a.c. sweej) applied to the valve should be variable so 
that it may be adjusted to the required conditions. For 
example, when taking an characteristic, the peak value 

of the a.c. voltage should equal the grid bias, and at the same 
time the grid bias should be the normal working value half-way 
between zero grid bias and the cut-off. Fig. 91 illustrates the 
effect of incorrect adjustment. In the first example the a.c. 
sweep is much less than the peak value of the grid bias, so 
that we are only ojierating over a small portion of the char¬ 
acteristic giving us merely a diagonal line. In Fig. 91 (b) the 
sweep is tlic same as in Fig. 89 but the grid bias is too small, 
so that we are sweeping well into the grid-current region in 
one direction, while at the bottom we only just reach the 
curved portion of the characteristic. 

Similar remarks apply to the lalff^a characteristic, for the 
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a.c. sweep should be equal to the h.t. or preferably a little 
more, since this shows the zero line as indicated in Fig. 92 
which represents the characteristic of a tetrode showing the 
negative resistance or dynatron portion. In Fig. 92 (b) this 
dynatron section has been expanded by reducing the steady 
h.t. value and also reducing the a.c. sweep applied to the 
valve (while leaving the sweep on the tube the same). Hence 



(a) (6) 

Fig. 92. IJJ^a Chahacteristics of Tetrode 


the full width of the tube is now occupied by an excursion over 
a much smaller range of anode voltage, which just includea 
the dynatron portion but leaves out (‘iitin'ly the normal flat 
top portion of the charactc^ristic. 

In both cases the zero line is indicated by the small hori¬ 
zontal portion at th(^ extnane left of the (‘urv(‘, obtained by 
making the a.c. peak a little greater than the h.t. voltage so 
that the valve runs for a small fraction of a cycle with a 
negative anode voltagf‘. This is very iis(‘ful as indicating the 
base line: it show^s, for example, that in the case of Fig. 92 
the anode current definitely reverses during part of the 
dynatron characteristic. 

The customary self-centring action of the tube must again 
be remembered, for if the sensitivity of the valve is altered in 
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any way (as for example by alteration of the screen current) 
the characteristic on the screen will alter suitably, and it will 
immediately re-centre itself so that the base line is now farther 
up or farther down. 

Magnetic Deflection. 

If this is a serious drawback, an alternative method is to 
include a pair of magnetic deflecting coils in the anode circuit 
of the valve and use these to produce the required magnetic 
deflection. With magnetic deflection, as long as the current 
in the coil is maintained, the deflection on the screen remains 
the same, so that the problem of time constant does not affect 
the result in the same way. It cannot be ignored because the 
inductance of the deflecting coils causes the current to be 
slowed up, and therefore if any rapid changes have to be 
handled the design of the deflecting coil becomes a matter of 
some difficulty. For operation at 50 cycles, however, or even 
at audio frequencies, the problem is not very troublesome. 

On the other hand, it is important to make sure that the 
magnetic deflection coils are absolutely correctly located, as 
any small deviation in the position of the coils will cause 
distortion of the characteristic. For this reason, the simpler 
method outlined in Fig. 89 is to be preferred for many 
purposes. 

Direction of Characteristic. 

As always, it is necessary to make sure that the voltages 
are applied to the tube in the correct cbrection. If the voltage 
applied to the X plates is incorrect then the characteristic will 
appear as a mirror image, sloping to the left instead of sloping 
to the right, while if the vertical deflection is reversed, the 
characteristic will appear upside down. With the circuit of 
Fig. 89, reversal of the characteristic from side to side may be 
obtained by connecting the cathode of the valve under test 
either to A or to B, as required. If the vertical deflection 
is upside down, the connections to the Y plates should 
be reversed. 
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It is, of course, possible to have the characteristic upside 
down and left to right, in w'hich case it may be slightly puzzling 
for it will slope the right way, and if there is only a small dis¬ 
tortion at each end, it may be difficult to decide what is 
happening. For example, the curv^e of Fig. 91 {b) if turned 
upside down might be a valve “bottom bending” and also 
running sUghtly into grid current. The best plan is to operate 



Fig. 93. Looped Characteristics Caused by Phase Shift 

a valve under known conditions, such as deliberate over-bias 
giving a bottom-bend condition, when the characteristic of 
the form shown in Fig. 89 (a) sliould be obtained. 

Looped Characteristics. 

A more serious source of difficulty with valve characteristics 
is that of phase loops. The production of phase ellipses is 
discussed in the next section, from which it will be clear that 
if there is any phase disiilacement between the voltage applied 
to the deflector plates of the tube and the voltage actually 
developed in the anode circuit of the valve, the go and return 
paths will not coincide and a looped characteristic such as 
that of Fig. 93 will be obtained. 

This is difficult to avoid, and the only satisfactory remedy is 
to reduce any possibility of phase shift to the minimum. A 
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particular form of phase shift is obtained if the valve is driven 
from a power unit instead of a battery, for the voltage de¬ 
livered by such a power unit will vary with the current and 
will actually lag behind the current change slightly, owing to 
the reservoir action of the condensers in the smoothing system. 
It can be taken as an axiom that satisfactory characteristics 
without any loops cannot be shown unless the valve is 
operated off batteries. 

Sometimes it is possible to black-out the return half-wave 
with a circuit such as that illustrated in Fig. 71 (p. 112), but 
this is not to be recommended except in special circumstances 
where appreciable inaccuracy can be tolerated. 

Phase Ellipses. 

The possibility of making the spot follow different paths on 
the go and return stroke is often deliberately utilized for 
measuring the phase angle. If two voltages from the same 
source are connected to the horizontal and vertical plates of 
a tube, a diagonal line will appear. When both voltages are 
zero the spot is central, and as the horizontal voltage increases 
a corresponding increase in the vertical direction is also 
obtained, so that the spot will take a diagonal path. With no 
phase shift between the voltages the pattern is a single line. 

If there is any phase difference, however, the spot may reach 
the end of its horizontal travel before it has finished moving 
vertically upwards and will therefore start to come back while 
it is still subject to vertical deflection. When the vertical 
deflection begins to decrea.se again the spot will retrace its 
steps on a slightly different path from that by which it went 
up, and the result will be an ellipse. A similar ellipse results 
if the spot begins to move downwards before it has reached 
the maximum horizontal travel. 

The slope of the line or ellipse depends upon the relative 
values of the voltages. If they are equal the pattern is inefined 
at an angle of 45°. If the vertical voltage is more than the 
horizontal, then the pattern is inclined at a steeper angle, 
while if the vertical voltage is less the pattern becomes flatter. 



138 


CATHODE-RAy OSCILLOGRAPHS 


In any case, the actual phase difference between the voltages 
can be determined by measuring the distances shown on 
Fig. 94. 

The phase angle is obtained from the relationship OPjOQ^ 
sin (f). This may be proved as follows. Let the vertical 
deflecting voltage be V-^sincot and the horizontal voltage be 
F 2 sin(a)f 4- (/>). At the point P the vertical voltage is zero 

so that sincot = 0. Hence the hori¬ 
zontal voltage at that instant = 
Fgsin (f), which is represented by OP. 
The maximum value of the hori¬ 
zontal voltage = F. 2 > 
the maximum horizontal travel OQ. 
Hence OP/OQ = sin (f>, from which 
i can at once be determined. 

This method may be used to 
determine the phase angle in various 
forms of circuit. The phase betwi^en 
current and voltage in a circuit, for 
example, can be measured by appW- 
ing the voltage to one j)air of plates, 
and a second voltage proportional to 
the current (obtained by using the 
voltage drop on a resistor, amplified if necessary) applied to 
the other pair of plates. A phase elli])se can also be obtained 
with magnetic deflection by applying the voltage to the 
deflector plates and the current to the deflecting coils. 

In communications work one often n'quires to know' the 
phase shift over an amplifier. To do this, a source of voltage 
of the required frequency is applied to the horizontal deflector 
plates, the actual voltage being such as to provide a reasonable 
sweep. A small portion of this voltage is tlum a]jplied to the 
input of the amplifier, and the output voltage is applied to the 
vertical plates. The y)roportion of voltage applied to the input 
should be so adjusted that the jfliase ellipse is approximately 
at 45". The phase angle can then be calculated from the 
ellipse as already ex])lained, and it will usually be found that 



Fig. 94. Method of 
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at medium frequencies there is no phase shift, while at low 
and high frequencies an ellipse forms due to phase shift arising 
from series or shunt capacitances in the amplifier. 

The principal source of error in this method is the introduc¬ 
tion of phase shift in the potentiometer network employed to 
apply the voltage to the amplifier in the first place. The resis¬ 
tances used should be such that the input capacitance of the 



Fig. 95. Distorted Phase Ellipses Due to Valve 
Overloading 


amplifier introduces a negligible amount of phase shift (see 
p. 101). Otherwise, the amplifier may be blamed for something 
which has actually taken place externally. 

It is often helpful to examine a single valve in this manner. 
A portion of the voltage applied to the X plates would be 
connected to the input of the valve while the amplified voltage 
would be connected to the vertical plates. In this way a 
d 3 mamic valve characteristic would result and this, of course, 
should be a straight line. Any phase shift present will produce 
an ellipse, while if there is any amplitude distortion in the 
valve, one or both ends of the line or ellipse will be curved. A 
valve which was running into bottom-bend distortion, for 
example, would produce an ellipse of the type shown in Fig. 93, 
while Fig. 95 illustrates two cases of distorted phase ellipses 
obtained with an inductive anode load. That on the left 
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starts off as a tolerable ellipse though of fairly large eccen¬ 
tricity indicating considerable phase shift. On the right-lj^and 
side of the oscillogram, however, it will be seen that serious 
distortion results, actually due to the valve running into grid 
current. The second oscillogram of Fig. 95 was obtained with 
the same inductive load but with the valve running into 
bottom-bend distortion. 

Harmonic Analysis. 

It is interesting to note that if there 
is no phase shift, the waveform applied 
to the valve need not be pure. If the 
valve is operating without distortion 
the pattern on the screen will still 
be a straight line. Moreover, if distor¬ 
tion is presejit, the harmonics may be 
analysed by an ingenious method due 
to Hutcheson (Electronics^ January, 
1936). The curve on the screen is 
either carefully traced, or better still 
])hotographed, and then a lino is drawn 
from (iiid to end of the curve as shown 
in Fig. 96. Along the horizontal axis 
distances are iiK^asured oft as shown (OA and OB Ixdng equal), 
and the vertical ordinates noted at (xich of these points when 
the harmonic content is obtained from tlie expressions below. 
Intercepts above the diagonal line are cf)nsidered positive 
while those below it rw negative'. 



^ 

Fig. 96. Method of 
Harmonic Analysis 
USING Phase Line 


Vi (fundamental) 


Fg (second harmonic) 


== I + V, - V, F, 
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Tg (tliird harmonic) 
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F 4 (fourth harmonic) 
Fg (fifth harmonic) 
Fe (sixth harmonic) 


d — h ~ q 
^ 4 

3 ' 2^/2 



The percentage of any harmonic — 100 F^/F^ while the 

100 ■ 


total harmonic content 


100 / 
>'iV' 


This metiiod, of course, is mainly applied to ordinary valve 
amphfiers, but it may be used to anal 3 ’se form of wave if 



Ficj. 07, caRcriT FOR Taking B-H Curve 


a pure wave of the same frequency and phase is applied to 
the X plates. A simple arrangement is to feed the horizontal 
plates from the waveform under examination through a low- 
pass filter tuned to a frequency a little above the fundamental. 
This will remove an\' harmonics, and if the filter is correcth^ 
designed will not distort the phase of the wave so that a single 
trace is still obtained. 

B-H Curves. 

The customary magnetization curves of iron can be repro¬ 
duced on a cathode-ra\' screen quite easih . Fig. 97 shows a 
circuit whereby this can be done. The magnetizing force on 
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the iron is proportional to the magnetizing current, and 
therefore the horizontal deflection is made proportional to 
this. In Fig. 97 this is done by including a resistance in series 
with the magnetizing coils. The voltage drop across this 
resistance, amplified if necessary, is applied to the horizontal 
deflector plates. It is best to insert a 1 juF. condenser in each 
lead, since one pole of the mains will be earthed, and if the 

oscillograph is also earthed a 
short 

the 

be 

the 

the flux 
the 

The 

to rate 

Fig. 98 . Photograph op Typical change of flux and it is there- 
B-H Ci RVE lore necessary to integrate 

the voltage in order to obtain 
a deflection proportional to /I. This can be done by arranging 
a resistance-condenser network as shown in Fig. 97, the values 
of this network being determined as explained in Chapter IX. 

For demonstration purposes it is often quite satisfactory to 
use an ordinary transformer, with a resistance in series with 
the primary, and using the voltage from a suitable secondary 
winding through a phasing network for the vertical deflection. 
Fig. 98 repre.sents an actual B-H curve showing the customary 
hysteresis effect. It should be noted that if the magnetizing 
force (current) is insufficient to saturate the iron, the curve 
obtained will simply be a slightly distorted phase ellipse. 



CHAPTER VII 

FREQUENCY COMPARISON 

Another useful application of the cathode-ray tube in the 
laboratory is in frequency comparison. We have already seen 
that if two voltages of the same frequency are apphed to the 
X and Y plates, the result is either a straight line or an ellipse. 
The ellipse is produced when there is a phase difference 
between the voltages, and it will be appreciated, therefore, 
that if one of the voltages is not quite of the same frequency 
as the other, it will gradually differ in phase by an increasing 
amount until it becomes first of all out of phase and finall}^ in 
phase again, and it will continue to fall in and out of phase 
like this. 

When there is a 90^ phase angle between the two voltages, 
the width of the ellipse is a maximum. Thereafter it decreases 
in width until, when the waves are exactly out of phase, the 
diagonal line merely takes up the opposite slope. Therefore 
as the frequency drifts, the image on the tube will change from 
a straight line through an tdlipse into a straight line at right 
angles to the original direction, and back again, so that we 
shall have a continually wobbling ellipse. 

As the frequency of one wave is increased relative to the 
other, this wobble becomes more and more rapid until the 
pattern becomes confused, but we find that at certain stated 
points another definite pattern appears. The fundamental 
ones occur at exact multiples, and there are in fact a series of 
standard patterns, known as Lissajous figures, with which the 
cathode-ray worker soon becomes famihar. 

Fig. 99 shows a number of these possible patterns, and in 
each case the pattern has been shown in various forms in 
which it may appear. Just as in the case when the frequencies 
are nearly equal and the pattern changes from a diagonal line 
to a circle or ellipse and back again, so we find that with each 
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of the other figures the pattern is rarely stationary but is 
continually changing through the various possible forms. In 
practice, when one is adjusting the frequency it is necessary to 
recognize the sort of pattern which is being obtained while 



it is still moving and then, if necessary, gradually to adjust the 
frequency until the pattern becomes absolutely stationary. It 
should be noted, however, that when the pattern is reasonably 
steady the frequencies are an exact multiple witliin a few 
cycles per minute,, so that the method forms a really accurate 
basis of comparison. 
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For anything except small multiples, however, the Lissajous 
figun's tend to become confused. It should be noted that the 
arrangement can be used for either multiples or sub-multiples, 
the only effect of a sub-multiple being that the pattern turns 
on its side. As far as possible the vertical and horizontal 
amplitudes should be made approximately equal, in which 
case there will be no difficulty in recognizing either form of 
pattern. For the sake of clearness the fourth line of Fig. 99 
shows a sub-multiple pattern of 1 : 2 which will be seen to be 
exactly the same as the 2: 1 pattern turned on its side. 

The relative frequencies may be determined by counting the . 
waves, for which purpose the pattern should preferably not be 
one of the end patterns of Fig. 99, but should show a clear go 
and return trace. The frequency ratio is then one-half the 
total number of peaks: e.g. in the 0 : 1 pattern at the bottom 
of Fig. 99 there are 12 peaks. 


Time-base Methods. 


For the comparison of frequencies wlu're the niidtiple is 
large, the use of a time-base nudhod is to be preferred. A 
normal time base should be used, and it _ _ 


should be synchronized from a source of 
known frequency such as the 50-eycle 
mains. Then if, for exam])Ie, one 
arranges to have just one waveform 
on the sweep, the time base can left 
running at exactly 50 cycles and held 
in svnchronisin bv the mains. The 



Fio. 100. Pattern 
Obtained with Time 
Base Kunninq at 

Two -THIRDS OF THE 

Work Frequency 


wave to be examined is then applied 

to the vertical ])lates, and it will show a succession of waves 
chasing through the screen in a confused jumble. As the 
fnajuency is vari(‘d, however, the wave pattern will become 
stationary at a number of points corresponding to exact 
multiples of the mains frequency, and by counting the number 
of waves the multiple in question can easily be determined. 
If thtu’e are eight waves, for example, we have the eighth 
multiple so that the frequency is 400 cycles. 
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It should also be noted that it is possible to obtain half-way 
points where the frequency is midway between two exact 
multiples, in which case the pattern of the type shown in 
Fig. 100 results. As a general rule, however, it is desirable to 
avoid this form of pattern as it is not always possible to say 
what the frequency ratio is, particularly with the higher 
multiples. 

With this form of frequency measurement the use of some 
form of double-wave recording is very helpful. It enables the 



Fio. 101. Double Image Pattern’ showing a Wave 
OF Five Times the Standard Frequency 

standard wave always to appear on the screen at the same 
time as the wave being measured, so that it is always possible 
to make sure that the time base is synchronized at the correct 
frequency. It is, however, always possible to run a small 
monitor tube in parallel with the main tube operating from 
the same time base but having on its vertical plates the stan¬ 
dard wave which can then be kept under permanent observa¬ 
tion in the same way. The inexpensive one-inch monitor tubes 
available to-day are very convenient for such a purpose. 

Fig. 101 shows a photograph of a typical frequency com¬ 
parison trace using the double-wave device mentioned in 
Chapter IX. The bottom half of the tube depicts the standard 
frequency, actually showing one complete wave, while at the 
top we have five waves indicating a ratio of 5 to 1. 



lookcjs . loko/s Ikc/s 0-ikc/s 
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The standard wave, of course, need not be 50 cycles, nor 
need it be an audio frequency. It could be obtained from a 
1 000 cycle tuning fork, or from a 100 kilocycle crystal. It is 
not even necessary for the standard wave to be pure, since 
its only function is to synchronize the time base. 

A typical example of the use of a scries of cathode-ray tubes 
in a frequency testing equipment is shown in Fig. 102. Here, 


i ^ i i ^ 4 i ^ J i 



P'iCt. 103. Waveform of 
100 KC. s. Crystal Oscillator 

Note that the fly-back occupies an 
appreciable time. 


Fig. 104. Line Screen 
Obtained from Sub -multiple 
, Time Base 


a quartz crystal operating at 100 kilocycles per second is used 
as the primary standard of frequency. This crystal is employed 
to synchronize a 10-kilocycle time base. The waveform 
generated by this time base is saw-toothed in form, and is 
synchronized by impulses from the 100-kilocycle crystal by 
ordinary technique. This voltage is u.sed for the X sweep of a 
monitor cathode-ray tube, while the vertical plates are fed 
with voltage from the crystal, giving us ten complete waves. 
It should particularly be noted that, at this high frequency, 
the fly-back is not n^*gligible and that ])art, if not the whole, 
of the last wave will probably be occupied in the fly-back. 
Fig. 103 .shows an actual photograph which will make this 
point clear. 

A further time base operating at 1 kilocycle is then set up 
and synchronized from the 10-kilocyclo time base. The 1-kilo¬ 
cycle o.scillation is used to feed the horizontal plates of a 
second monitor tube, while the 10-kilocycle time base feeds 
the vertical plates. This gives us therefore a saw-tooth 
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waveform containing ten complete waves. During the vertical 
portion of the wave the spot is moving very rapidly so that 
the trace will normally be invisible, giving the impression of 
ten diagonal lines, as indicated in Fig, 104. The last line (on 
the right) is cut off in the middle since the fly-back starts at 
this point. 

This process can be continued indefinitely till we reach the 
time base running at perhaps 50 cycles. This can be compared 
with the mains frequenc}^ and if necessary used to drive an 
ordinary sjmehronous clock, and the time of this clock driven 
ultimately from the 100-kilocycle crystal can then be compared 
witli Greenwich time. 

Although the use of monitor oscillographs is not strictly 
necessary in this chain, it is possible by their use to see at a 
glance that each stage is exactly one-tenth the frequency of 
the preceding stage, by ensuring that there are ten waves on 
each tube. 



CHAPTER VIII 

RADIO-FREQUENCY EXAMINATIONS 

The examination of radio-frequency phenomena is less 
common than audio-frequency investigations. This is partly 
because the fact that the modern tube will actually look at 
waveforms at frequencies of a megacycle or more is not always 
realized, but it is partly because audio-frequency technique 
covers the greater part of one's requirements. 

If it is desired to examine the actual waveform of a radio- 
frequency oscillation, the technique adopted is exactly the 
same as that already outlined in Chapter ITT. It is necessary 
to use a hard tube and a hard-valve time-base, and the con¬ 
struction of such a time base may require a little thought owing 
to the fact that the caj>acitances and resistances will have 
to be small in order to obtain a sufficiently rapid sweep. 
The time-base valve should be mounted as close as possible 
to the tube itself so that short leads are possible, and 
the self-capacitances of the circuit are thereby reduced 
to the minimum. 

Band Pattern. 

It is often possible, however, to obtain some idea as to the 
behaviour of a radio-frequency wave by using an audio¬ 
frequency time base. This will give a band of light rather 
similar to that illustrated in Fig. 29, p. 43. While the waves 
are too close together to be distinguished individually it is 
possible by examination of the band itself to discover whether 
conditions are satisfactory or not. The waveform of Fig. 29 
is, indeed, not a satisfactory one because it shows evidence of 
bottom-bend distortion. Because of this the individual waves 
spend a little longer than normal at the bottom of the travel, 
with the result that the^ band of light appears slightly brighter 
at the bottom. 
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Fig. 105 illustrates this point even more clearly. On the 
left is a band pattern which is far from uniform in brilliance, 
With any sine wave of course, the top and bottom of the band 
must be slightly brighter than the middle section because the 
spot of light is moving more slowly at these points, but 
difference in brilliance will be of the same order as that seen 
in the top of the left-hand oscillogram ih Fig. 105. In this 



Fig. 105. Band Pattern Produced by Radio-frequency 
Wave and Oscillogram of Waveform Itself 

example, however, we have two quite marked horizontal lines 
across the band, one a little below the middle and the other at 
the bottom. These indicate distortion, and the trace on the 
right of Fig. 105 is an actual oscillogram of the radio-frequency 
waveform which produced this band pattern. 

The reason for the bands will now be quite clear. The very 
bright line at the bottom of the band is due to bottom-bend 
distortion which is causing the spot to remain in the same 
position for an appreciable portion of the total time of one 
wave. The other band across the middle of the picture is 
produced by a small second harmonic distortion of the type 
shown in Fig. 37 (top), p. 54, and is again causing the spot to 
remain at or about the same position for an appreciable 
period of time. 

The presence of distortion in a radio-frequency wave may 

6-~(T.I2«) 
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therefore be determined by just looking at the band pattern. 
If it appears of uniform density, except for a slight increase 
in brilliance at the top and bottom, then the waveform is 
reasonably pure. The presence of any sharp lines of light 
indicates distortion, and remedies may be applied accordingly. 



Fig. 106 . Modulation Patterns 


Modulation. 

A good deal of the radio frequency encountered in com¬ 
munications practice is modulated, that is, its amplitude is 
changing at a low frequency. We are often concerned to find 
out how this amplitude variation is taking place and whether 
it is behaving according to theoretical requirements. A simple 
way of examining it is to apply the radio frequency direct to 
the deflector plates of the tube, and to set the time base in 
operation at a suitable sub-multiple of the modulation fre¬ 
quency. If this is done a pattern such as Fig. 106 appears, 
and it is at once possible to determine whether the modulation 
is satisfactory or not. 

In the top oscillogram of Fig. 106 we have a partial modula¬ 
tion, in which the amplitude of the carrier is never reduced to 
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zero. In the lower oscillogram, however, we have practically 
complete modulation, the amplitude of the carrier being re¬ 
duced nearly to zero at each modulation period. This oscillo¬ 
gram indicates a distortion which is often found, namely, that 
the height of the modulated wave from the centre line to the 



Fig. 107. Over-modulation 


top of the wave is not the same as from the centre line to the 
bottom. This is because the modulator valve is not operating 
linearly, and is therefore introducing distortion. 

The waveform shown in Fig. 106 is, of course, reasonably 
sinusoidal, but if there is any distortion in the wave this will 
be shown up accordingly. Fig. 108 shows a typical distorted 
modulation actually taken from the output of a “service"’ 
signal generator. 

Fig. 107 illustrates the effect of over-modulation. In this 
instance the amplitude of the wave is reduced to zero for an 
appreciable fraction of each period. Comparison of this wave 
with the bottom wave of Fig. 106 also shows a form of fault 
which is often obtained in modulated circuits. It will be noted 
that although the wave of Fig. 107 is over-modulated, indicat¬ 
ing that the modulation has been increased beyond its correct 
value, the amplitude of the high-frequency oscillation is no 
greater than with the normally modulated wave. Now, the 
application of modulation to the transmitter should cause the 
amplitude of the carrier to increase and decrease alternately, 
whereas what has happened in this case is that the carrier 
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amplitude has only been decreased. This often happens in a 
badly adjusted transmitter and obviously the power radiated 
is considerably reduced if the carrier cannot expand as it 



Fig. 108, Distorted and Asymmetrical Modulation 


should do. If the carrier amplitude expands to twice its normal 
value on the peaks (as it should do on 100 percent modulation) 
the peak power radiated is increased four times. 



in) (b) 

Fio. 109. Alternative Forms of Modulation Pattern 


An alternative form of modulation pattern is that shown in 
Fig. 109. To obtain this, modulation is applied to the X plates 
and the modulated radio frequency to the Y plates. Then a 
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trapezium shaped figure is obtained as shown. With partial 
modulation the end of the trapezium never reaches the zero 
line, whereas with over-modulation it falls to zero too soon 
and finishes off in a straight line as in Fig. 109 (6). The presence 
of any distortion in the modulated wave is shown by vertical 


(b) 

Fia. 110. Effect of Phase Distortion on Modulation 
Pattern 

bands across the pattern, some of which can be seen in 
the illustration. 

A serious form of distortion can occur when taking this 
type of modulation pattern which is illustrated in Pig. 110. 
The effect is as if the modulation trapezium were wrapped 
rt)und a cylinder, and this is due to a phase displacement 
between the modulation voltage applied to the X plates 
of the tube and the actual effective modulation of the carrier 
wave. It usually indicates that some phase shift has occurred 
during the modulation of the transmitter, and this point may 
easily be verified. 

This form of pattern is inconvenient, particularly if any 
measurements are to be made. It can, however, be converted 
to the normal form by correcting the phase either in the trans¬ 
mitter itself or by introducing a phase shifting network on the 
voltage applied to the X plates. 

The percentage modulation can be calculated from any of 
the patterns shown, by measuring the maximum and minimum 
vertical height, as illustrated in Fig. 111. The percentage 
modulation is then 100 (a — 6)/(a + b). 
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The use of modulation patterns is often convenient in 
examining the distortion which is produced in the mixing 
stages of a superheterodyne receiver. Obviously, the mixing 



Fig. 111. Method of Estimating Modulation Depth 

should be free from distortion, or undesirable harmonics may 
be introduced. By applying an unmodulated carrier of steady 
amplitude to the signal grid of the mixer, beats will be ob¬ 
tained between this and the local oscillation, and if these are 
adjusted to a suitable frequency the modulation pattern can 
be examined by any of the methods just discussed. The 
frequency may be a rafUo frequency if desired, provided the 
time base on the oscilloscope can be made to operate at a 
radio frequency and synchronized accordingly. 








CHAPTER IX 

SPECIAL APPLICATIONS 

It is proposed to conclude this brief review of the subject with 
a reference to some of the more specialized applications of 
cathode-ray tubes. It will be appreciated that the treatment 
cannot be in any way exhaustive, but this introduction should 
serve to indicate the lines of approach to particular problems. 


D.C. Circuits. 


Quite a common form of usage which has not been discussed 
in detail is that of circuits in which a d.c. component is present. 
Often the current is not 

continuously in the same - 1-1|—p— 

direction but maintains a > ^ S r 

steady amplitude for long f Deflector 

periods. The term long is, of ? > Plates 

course, a relative one, for in | [ _ ] 

the ordinary wy we are deal- h^i^vstratiko Effect 

mg with oscillations which of Time Constant 

take place with comparative 

rapidity—fifty times per second even at mains frequencies and 
many thousands or millions of times per second at audio or 
radio frequencies. A second or so is quite a long time judged 
by such standards. 

Consider a make-and-break of a battery circuit as shown in 
Fig. 112. If we can apply the voltage across the resistance R 
direct to the tube, then the tube will record the make and 


Fig. 112. Illustrating Effect 
OF Time Constant 


break without any question, irrespective of how long the 
current remains steady, for the passage of current will put a 
permanent d.c. voltage on the deflector plate of the tube, and 
the spot will be moved from its normal position and will 
remain in its displaced condition indefinitely. 

Quite often, however, it is inconvenient to make a direct 
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connection to the tube in this manner, and it is necessary to 
isolate the deflector plates from the voltage under examination 
with a condenser and a leak, as shown. As soon as this is done 
the circuit ceases to be a d.c. circuit, and it can only represent 
d.c. conditions for a limited time. 

The application of the d.c. voltage across R to the condenser 
of Fig. 112 will charge the condenser through the resistance P. 
This charge will be exponential in character, as already 
explained in Chapter III. The voltage actually applied to this 
tube will be the voltage drop caused by the passage of the 
charging current through the resistance P. At the instant of 
switching on, the condenser (7 is a short circuit having no 
charge and hence presenting no back e.m.f. Hence the voltage 
across P is the same as that across R. 

As the condenser charges up, however, the effective voltage 
across P is the applied voltage minus the condenser voltage, so 
that the current falls off, and with it tlie voltage across P. 
We could avoid this by using an infinitely large condenser, but 
in practice, of course, we cannot do this, and we therefore have 
to arrange that the time constant of the condenser-leak 
combination is long enough to approximate to the d.c. con¬ 
ditions. In other words, the reduction of the charging current 
must be negligible over the length of time with which we are 
concerned, so that the voltage across P remains substantially 
the same (and equal to the applied voltage). 

Fig. 113 shows the waveform of the voltage applied. On 
the closing of the switch, the voltage on the condenser rises 
to V, Due to the leak P it then discharges until, after an inter¬ 
val t, the voltage is k V, where k is some fraction—about 0-8 
in the diagram. We then open the switch which removes the 
applied voltage. But removing a voltage of V from the 
condenser will cause it to charge slightly negative, as shown, 
by an amount (1 — k) V. 

This charge will now leak away through P and after time t 
the. percentage loss of voltage will be the same. The actual 
loss, however, will be much less than before because we started 
with a smaller voltage. 
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We then close the key, add V to the voltage, and so on 
indefinitely, and it will be seen that after a few oscillations 
a steady state is reached where the charges above and below 
the zero line are equal. This will always happen with a 
condenser-leak coupling subjected to asymmetrical oscilla¬ 
tions. The d.c. component, in fact, is removed by the coupling. 



Fig. 113. Illustrating Self-centring Action of 
Condenser-resistance Coupling 


It can be restored, if necessary, by a trick often used in 
television. A diode is connected across the circuit as shown in 
Fig. 114 (a). This is so connected as to cause a rapid leakage 



Fig. 114. D.C. Restoring Circuit and Effect on Waveform 


when the condenser charges negatively so that the positive 
impulses always start from the zero line as shown in Fig. 114 (6). 
This device can be very successfully employed in certain cases 
of pulsating e.m.f.’s, but it will be observed that it introduces 
a small distortion at the foot of each wave. 

It is preferable, therefore, to arrange that the time constant 
is long enough to avoid any appreciable falling off, which can 
always be done, provided the voltage does drop to zero or 
reverse after a period. The factor k, above, is e ~ which we 
can therefore make what we like by suitable choice of C and B. 

If A; is to be 0*99, e = 0-99 so that e == 101 
/. tjCR == log, 101 = 0 01 
Hence CR = 100 t, a convenient figure to remember. 

7—(T.X25) 
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For a 10 per cent drop in voltage CR h very nearly 10 t 
(actually 9*5 /). 

Fig. 115 illustrates an actual square-topped wave repro¬ 
duced on an oscillograph screen with an adequate time 
constant in the coupling circuit, and it will be seen that the 
falling off is not noticeable. 

Where a steady d.c. is to be handled, and it is not desired to 



Fig. 115. Oscillogram of Square-topped Wave with 
Adequate Time Constant 

The greater intensity of the horizontal traces is line to the slower 
movement of the spot over these ]>ortions. 

use direct connections or magnetic deflection, the voltage may 
be interrupted with a relay or suitable device at intervals. 
The interruption need only be momentary—enough to dis¬ 
charge the condenser and reset the operation, as it were. 

D.C. Amplifiers. 

There are occasions when a tnu* d.c. arnplifitT is essential. 
Such an amplifier employs a direct coupling between the 
anode of one valv'e and the grid of tlie next (and a similar 
direct connection to the deflei^tor jilate of the tube). Since this 
would normally jilace a high positive potential on the grid of 
the following valve, it is necessary to raise the cathode to a 
similar potential, arranging matters so that the (cathode is 
higher in potential than the jireceding anode by an amount 
equal to the grid bias required. 

Such a circuit is illustrated in Fig. 116. It will be seen to 
involve a high value of overall h.t. supply to allow for the 
progressive stepping-up of the circuits. The arrangement is 
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very sensitive to small changes of h.t. voltage and valve 
emission because it depends on an accurate balance of the 
voltage at various points on the h.t. potentiometer cgainst 
the voltage drop in the various valves, and in practice the 
d.c. output voltage is subject to uncontrollable wandering 
which may be serious. 

A form of circuit developed by F. K. Milsom in the author’s 



Fig. lU). Conventional D.C. Amplifier 


laboratories is shown in Fig. 117. Here the voltage at the 
anode of Fj is applied to a ])()t€mtiometer, of which the bottom 
end is connected to a stabilized source of voltage negative to 
the earth line. At some point on this potentiometer, therefore, 



Fig. 117. Improved Form of D.C. Amplifier 

the voltage will be zero, and if the grid of Fg is connected to a 
point just below this (to allow the requisite grid bias), the 
valve Vo will operate normally. Only a portion of the voltage 
developed by Fj is handed on to Fo, but the stability of the 
arrangement more than compensates for this disadvantage. 
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Ck)mpensated Amplifiers. 

An alternative method devised by Edwards and Cherry 
is shown in Fig. 118. As the frequency falls, the shunting 
action of across becomes less and the gain falls off 
(c.f. the “feedback” type of amphfier in which is omitted). 
At the same time the by-passing effect of falls away so that 
the effective anode resistance begins to change from R towards 
R R^ (the value which will result when l/C^co is infinite), 
and this tends to restore the gain. 

If conditions are correctly chosen the gain can be made to 
remain the same down to zero frequency. 
The requirements are that the gain of 
the stage with and omitted shall 
be equal to that at medium frequencies 
when and R^ are completely by¬ 
passed, so that the stage is a normal 
triode amplifier with anode resistance R. 
It remains to arrange a smooth transi- 
Cj tion between the two states, which is 

done by making — R [g l/^a), 

where g and Tq are the mutual con¬ 
ductance and a.c. resistance of the valve. 
Fig. 118. Compensated The compensation thus depends on the 
AMPLiriER valve constants which are liable to vary,. 

and this constitutes a somewhat serious disadvantage. 

With triodes the values of the components to fulfil the 
‘ required conditions are apt to prove awkward, but better 
results are obtainable with tetrodes or pentodes, provided 
the screen potential is held really constant by the use of a 
neon stabilizer or other device. 

If the circuit is applied to more than one stage the adjust¬ 
ment of the valves must be done with extreme care, and the 
valve constants must be measured (not taken from makers' 
figures). Otherwise sharp changes of amplification will be 
obtained at certain frequencies. 

For further information the reader should refer to “Amplifier 
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Characteristics at IjOW Frequencies,” by G. W. Edwards and 
E. C. Cherry, J- Instn. Elect. Engrs., 1940, Vol. 87, yj. 178. 


Repeating Transients. 


Mention was made in Chapter III of transient phenomena. 


i.e. phenomena which are not con¬ 
tinuously recurring but either take 
place at regular intervals or only 
occur once. An example of the 
repeating transient is to be found 
in Fig. 119 which shows a parasitic 
oscillation in a valve amplifying 
circuit. The valve was being 
driven yx)sitively so that it ran 
into grid current. As the valve 
approached zero bias on the grid, 
the increased efficiency permitted 
a self-oscillation to be developed 
in the circuit which, however, 
was rapidly quenched by the grid 
current which began to flow at the 
same time. Therefore we have a 



burst of high-frequency oscilla¬ 
tions at a definite point in the 
low-frequency cycle of the main 
oscillation. 


Fio. 119. Typical Repeating 
Transient Due to Parasitic 
Oscillation in Valve 
Circuits 


This form of transient is quite frequently encountered, and 
it is best examined by an exjianded time base, or by a driven 
time base such as is used for pulse work (see page 174). 


Elliptical Time Base. 

A normal time base could be used running at the frequency 
of the low-frequency oscillation and synchronized to it in the 
normal way. The sweep of this time base, however, must be 
expanded so that instead of showing one complete wave on the 
tube it only showed something like one-tenth of the wave 
which would have the effect of expanding the high-frequency 
transient oscillation to occupy the full width of the screen. 
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This method appears a wasteful one, because the spot is off 
the screen for nine-tenths of the time, but actually this is not 
the case. The small portion of the wave we wish to examine 
can only occupy a certain time in its traverse, and we ean 
therefore only obtain a certain amount of brilliance. The 
fact that we are repeating the trace with every oscillation of 



Fig. IlH). Pkixciplk of Elliptical Time Base 

the main wave renders it possible to inspect the transient 
visually, though it would be necessary to increase the intensity 
control of the oscillograph over and above the normal setting. 

Another form of time base which can be used for this t;v^ 
of investigation is tlie elliptical time base. For this an ordinary 
a.c. wave is applied to the horizontal deflector plates, and at 
the same time a small proportion of this waveform is applied 
out of phase to the vertical deflector plates. This, therefore, 
will produce the customary phase ellipse, but we now increase 
the amplitudes such that the tube screen only occupies a small 
portion of the total ellipse, as illustrated in Fig. 120. 

If the total horizontal scan applied is three to five times as 
great as that which will just fill the tube, the movement of the 
spot as it passes over the screen is substantially linear and 
the arrangement can be used as a time base with success. It 
is, of course, necessary to have shifts on the vertical deflection 
because otherwise the trace may miss the tube altogether. 
The dotted circle of Fig. 120 shows the position of the tube 
relative to the trace if no shift is provided. 

This form of time base cannot be synchronized with the 
work under examination, but it has its advantages. For 
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example, if a waveform of the type of Fig. 119 is being 
investigated, alternating current of the required frequency 
would be supplied to an elliptical time base and also to the 
amplifier or other device developing the transient. 

The particular part of the wave in which we are interested 
may, of course, occur anywhere on the phase ellipse and 
therefore may not appear on the tube itself. We overcome 


Work 


Fio. 121. Simple Phasing Circuit 

this difficulty by interposing a phasing arrangement between 
the source of supply and the input to the amplifier, so that the 
phase of the work voltage can be varied relative to the voltage 
applied to the tube, and in this way we can cause the transient 
to work round the ellipse until it conies on to the screen 
of the tube. 

The method of a])])lying both work and a.c. to the defleeting 
])late is tlie saiiu' as ha* tlie zigzag time base (Fig. 124). 

Phasing Circuits. 

The design of the phasing circuit is simple. If we have a 
resistance and condenser in series (as in Fig. 121) the phase of 
the current depends upon the relative value of resistance and 
reactance. If, at the frequency in question, the reactances are 
equal we have a 45° phase shift. If the resistance is very much 
larger than the reactance of the condenser the phase shift is 
very small while, conversely, if the reactance is large the phase 
shift approximates to 90°. 
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Phase shifts of 90° are used in some of the special circuits 
ruentioned for blacking out the return sweep of the spot or for 
ensuring the correct phase voltage in a B~H curve and so on. 
Such circuits, embodying a reactance much larger than the 
resistance also, of course, cause considerable attenuation so 
that the voltage applied across the phasing circuit has to be 
at least ten times the voltage actually required. 

Similarly any change in the circuit alters both phase and 
amplitudey which is often inconvenient. The phasing bridge of 


Input 








Output 


Fig. 122. Circuit giving Control of Phase 
Independent of Amplitude 


Fig. 122 overcomes both these defects, the output voltage 
being the same as the input and substantially constant. 

The two resistances are ganged so that they increase and 
decrease together and if — l/C'w the maximum phase 
shift is 90°. If Rjriax ~ lO/Cco a shift of nearly 180° is possible. 

These conditions can obviously only hold good over a 
limited range of frequency. Hence for a wide frequency range, 
provision must be made for changing the capacitances. 

Zigzag Time Bases. 

In addition to the elliptical time base already mentioned 
a zigzag time base is sometimes employed where one 
requires to examine the behaviour of a wave over a 
long period. If one suspects, for example, that some effect 
is occurring at every 200 or 300 waves, the ordinary time 
base would fail to show it, except perhaps as a momentary 
blurr occasionally. If we apply an alternating voltage to 
the horizontal sweep and at the same time a vertical 
voltage from a slow time base, then the successive 
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traces across the screen will be displaced from one 
another and the spot will, in fact, wander backwards and 
forwards up the screen as illustrated in Fig. 123. We can then 
superpose in the vertical direction the 
waveform we wish to examine; if the 
speed of the horizontal traverse is slow 
in comparison with the frequency under 
test we shall then have a series of waves 
represented on the zigzag trace, and we 
can easily cover a prolonged period and 
so obtain the information we require. 

The superposition of the two voltages 
on the vertical scan may be obtained Fig. 123 . Zigzag 
by using a parallel circuit such as that Trace 

shown in Fig. 124. An alternative 

arrangement is to use a magnetic deflection for the slow speed 
displacement and then to apply the work voltage to the vertical 

deflector plates in the 
ordinary manner. 

A sinusoidal deflec¬ 
tion can be applied 
by just passing alter¬ 
nating current of the 
required frequency 
through the deflecting 
coils. If a saw-tooth 
deflection is required, 
a time base must be 
used which feeds a 
deflection amplifier. 
In the anode circuit 
of this amplifier we 
include the deflecting 
coils. The design of this amplifier is similar to that of an 
ordinary deflection amplifier except that we are concerned with 
obtaining a satisfactory current change. The current change 
will be linear so long as the voltage is linear, and it is customary 


Work 


r 

H V 


-^ly^From Slow Scan 


—^— 

Fig. 124 . JIethod of Applying Two 
Voltages* to the Same Deflector 
Plate 
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to use a high voltage and feed through a high resistance in 
series with the deflecting coils, since witli this arrangement it 
is much easier to obtain the linearity rtajuired. 

Integration and Differentiation. 

It should be noted that by the use of circuits of this type it 
is possible to produce a response whicli is equal to the integral 
or differential of the applied waveform. Fig. 125 (a) shows a 
differentiating circuit in which the voltage across R is propor¬ 
tional to the rate of change of the voltage applied. For this 





Fia. 125 («). Ditfekenti- Fig. 125(6). Ixtegrat- 
ATiNG Circuit ing Circuit 

to be strictly true the resistance R must be negligible in com¬ 
parison with the reactance of G at the frequency of the highest 
(important) harmonic of the input wave. 

This may be proved as follows. The charge on the condenser 
is ^ = CVf.* The current through the circuit is the rate of 
change of charge and is Cdvddt, so that the voltage across R 
is CRdv^dt. But if R is small, the voltage on the condenser 
is practically equal to that across the whole circuit, so that 
the output voltage = CRdvjdt very nearly. 

Clearly this stipulation that R is small compared with the 
reactance of C means that the circuit will attenuate consider¬ 
ably, but this is often offset by the fact that the rate of change 
is large. Nevertheless an amplifier is usually required following 
the resistance to provide a satisfactory deflection. 

With a pure sine wave R must be small (less than about 
10 per cent) compared with l/Oco. The rate of change 
(differential) wave is then a second sine wave lagging 90® 
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behind the input wave. With a wave having a steep front 
(such as a synchronizing impulse or a transient) R must be 
still smaller, for a steep-fronted wave can be analysed into a 
fundamental and a series of high order harmonics, and the 
reactance of C to these high harmonics is much less than it is 
to the fundamental. Generally, R will need to be about 
one-tenth of the value which would suffice for a sine wave. 

Fig. 125 (6) shows an integrating circuit. Here the voltage on 


the condenser — qjC 




But if the reactance of C is 


small compared with R (the reverse of the previous condition), 
i = v/R nearly, so that 2 ^ 

the voltage across the condenser = — / vdt. 


With a sine wave input, making l/Ca) ~ 01R, or less, the 
output voltage is a sine wave leading by nearly 90°. Such a 
circuit is employed in Fig. 97, p. 141. 


Production of Pulses. 

These circuits are often used to produce pulses of steep wave- 
front for triggering time bases or similar devices. If a square- 
topped wave, for example, is applied to a differentiating cir¬ 
cuit a very sharp pulse is obtained, because there is a large 
practically instantaneous rate of change at the beginning and 
end of each section of the wave, as will be clear from an 
examination of Fig. 115. 

The square-topped wave may be obtained in the first place 
by appljung a normal sine wave to a limiter valve. A tetrode 
operating with an anode voltage well below the screen volts 
will act in such a manner. If the grid is run positive the anode 
current rapidly limits producing a sharp saturation effect, 
while if the grid is made negative the anode current falls to 
zero, so that a similar limiting action takes place. By making 
the peak applied a.c. at least ten times the maximum ampli¬ 
tude of the square wave required, a rapid transition will 
be obtained. The wave of Fig. 115 was produced in 
this way. 
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Another form of pulse generator is the well-known multi¬ 
vibrator shown in Fig. 126. This produces a poor form of 
square-topped wave, the frequency being given approximately 

by / = form of Fig. 113, 

but the use of a small amount of cathode resistance improves 



the waveform appreciably. If such a wave is differentiated it 
provides very sharp isolated pulses, and this may be done 
quite simply by feeding off the anode through a condenser 
of a few only. Similar pulses fed into the grid, as at S, will 
s 3 mchronize the circuit over a wide range. 

Radar Pulse Technique. 

The introduction of radar has led to th(‘ dev^t‘lopinent of a 
large number of new ])ulse generating circuits, the* ('ssential 
principle of radar being the emission of a short ])ulse and the 
timing and location of the reflection. With this has grown up 
a fresh technique of amplifier and time-base design, since 
ordinary circuits will not handle pulses adequately. 

The generation of the pulses in the first jdace is based on 
the principle of squaring and shaping a sine wave, but it is 
clear that there is considerable scope for ingenuity at this 
stage and it is impossibh^ to discuss the many circuits in detail 
here. A series of papers on the subject was presented at the 
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Institution of p]leetrical Engineers’ Radiolocation Convention 
in March, 1946, and published in a special supplement to the 
J. Instn. Elect. Erigrs. (Vol. 93, Part IlIA, pp. 289 and 320). 
These papers contain derailed information on time-base circuits, 
pulse generation, and the use of cathode-ray tubes for the 
display of pulse information. Much use is made of the prin¬ 
ciples of ditlerentiation and integration already mentioned, 
together with the g(UK‘ration by the signal of subsidiary control 
signals, known as “strobes,” which are applied to the modu¬ 
lator (grid) of the tube to brighten the trace at certain points 
for purposes of identification or clarity of image. This is, of 
course, a development of the principle of velocit}^ modulation 
referred to on page 176. 

Single-sweep Circuits. 

Where a transient is non-repeating it is necessary to use a 
single-sweep circuit. This is usually set up as a normal time 
base without the gas relay. The circuit is then started by the 
act of switching on the circuit in which the transient is 
developed. Pig. 127 shows a typical arrangement. When 
voltage is applied to the bus bars on the right the relay 
operates, removes the short circuit on the time-base condenser, 
and so starts the scan. The speed of sweep would be adjusted 
so as to cover the screen in the approximate time which the 
transient is expected to occupy. 

Fig. 127 also incorporates an arrangement to keep the spot 
off the screen until it is actually required. This is particularly 
important with photographic operation because the spot 
brilliance has to be considerably higher than normal in order 
that there shall be sufficient effect on the plate during the 
limited travel time. K the spot is stationary during the period 
when it is waiting for the transient to start, there is consider¬ 
able risk of burning the screen. In Fig. 127 one of the deflectors 
is over-biased accordingly. The closing of the relay by the 
transient opens contact a, causing the condenser to start 
charging, and closes contact b which short-circuits the extra 
bias. The spot thus leaps into position and then moves across 
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the screen at the predetermined rate. Resetting the relay 
discharges the condenser and restores the bias. 

The relay will necessarily require a small timt' in which to 
operate, and it may be that the transient to Ik' observed 
occurs before this })eriod has elapsed. This dilhculty can be 
overcome by decaying the arrival of the signal at tlu^deflector 
plates by a time equal to or slightly grt'ater than the time of 
operation of the relay, thus ensuiang that the tim(‘ base is 
in operation by the time the signal arrives. 

A suitable time-lag may be introduet'd by passing the 



Fig. 127 . Single-sweep Circuit with Delay Cable 


signal through a delay network. A length of cable* is sometimes 
used for this purpose* anel is shown in Fig. 127. A cable (or 
any pair of conduedors) has a continue)usly elistributed indue*t- 
ance* along the wires anel a similarly elistribute*ei eapeicitance* 
between them. It may the*refore lie* ee)nsielere*el as a series 
of sections e*ach comprising a serie*s ineluetance anel shunt 
capacitance. 

A voltage applied to the input charges the first section with 
a slight delay due partly to the effec;t of the inelue;tance and 
partly to the fact that a conelenser eloe's not acquire its full 
charge instantane;ously. This first conelenser will, in turn, 
charge the se*cond with a similar delay and so the impulse is 
transmitte‘d along the cable. 
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The delay in not independent of frequency so that the 
various components of the wave will not all receive equal 
treatment, with consequent distortion of the transient. 
Simple cables, therefore, are not used, but if an equivalent 
iK'twork of series inductances and shunt ^pacitances is 
constructed, and if certain conditions are complied with, the 
transmission is fn‘e from distortion and only subject to a 
known and constant dcday. 

The conditions required are not such as can be simply 
stated and referenct^ should be made to textbooks on artificial 



Fig. 128, Lansil Transient-operated Circuit 

lines.* Some rek^vant information was given in a short k'cture 
bv K. L. C. Whit(‘ at the Radiolocation Conviuition, 194(i 
(j. Insfn. Ehct. Engrs.. Vol. 93, Part IllA, p. 312). 

A photographic or delay screen w^ould be used. In the former 
case the camera would be set up and focused on the tube face 
and left with the shutter open. All stray light, of course, must 
be excluded. Then, when the transient operates the time base, 
the movement of the spot will be recorded on the plate. 

In some instances a mechanical relay is not fast enough, and 
an equivalent electrical circuit has to be arranged. Fig. 128 
shows the basis of a circuit (due to Lansil) for this purpose. 
The condenser C is normally charged through the valve Fg 
at a rate faster than the charge can leak away through i?. 
The condenser C therefore becomes practically fully charged. 
On the arrival of a transient, which must be in such a direction 

* Sucli as Electric Circuits and Wave Filters by A. T. Starr (Pitman). 
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as to make the grid of Fj positive, the grid of V 2 is driven 
negative with the sudden impulse which renders the valve 
non-conducting. The condenser C then discharges in normal 
fashion through the resistance R. In place of this resistance, 
of course, we may (and customarily do) use a pentode to obtain 
a linear discharge, while it is also desirable to incorporate 
some arrangement which holds the discharge in operation 
once it has started. This may be done by feeding the voltage 
c4.vross the condenser through another valve (not shown) such 
that, as the voltage at the point A falls, an increasing voltage 
is applied to the grid of F, which maintains the grid of F 2 
negative throughout the whole of the discharge. In many 
instances, however, this can be avoided by using a sufficiently 
long time-constant on the input network to F^. 

Slave Time Base. 

It often happens that a transient re})eats at l egular intervals. 
A typical instance is a radar pulse whicli, while lasting only 
for a microsecond or so, repeats perhaps 1 0(K1 times every 
second. A normal time base running at a specnl which sweeps 
the spot across the screen in, say, 2 // sec. would be inadequate 
for two reasons— 

(a) The image would appear only for 1 50i)th of the time. 
During the rest of the period the spot will merely trace the 
base line which would, therefore, be unduly (and dis¬ 
tract ingly) bright. 

(b) The actual transients might not be exactly spaced 
in time so that the images would not be accurately super¬ 
posed. Indeed for them to be so super})os(‘d woukl require 
an accuracy of the order of O tKil // s(‘c. in the timing which 
is quite impracticable. 

Clearly, what is required is for th(^ trace to l>e set in motion 
only when a transient occurs. For this purpose a slave or 
driven time base is used. Such a device consists essentially 
of a circuit having two states, one stable and the other un¬ 
stable. The transient impulse triggers the circuit causing it 



SPECIAL APPLICATIONS 


175 


to pass to the unstable state, during which time it either 
generates the required sweep voltage or permits some other 
circuit to do so, after which it returns to the stable state. 
The transient itself may be delayed by a suitable network,'as 
explained on page 172, before being applied to the Y plates. 

Such conditions can often be met by a comparatively simple 
modificcition of a conventional time-base circuit. Piickle* 
gives a good example which is shown in Fig. 129. This is a 



multivibrator with one valve biased to cut off. This con¬ 
stitutes the stable condition. If we apply a negative pulse 
to the grid of the grid of becomes momentarily posi¬ 
tive, V 2 conducts and discharges (' 2 , which then recharges 
slowly through R 2 and so generates the required saw-tooth 
voltage. 

Meanwhile the charge on is discharging through so 
that the circuit returns to its stable state and resets itself 
for the next pulse. The time duration of the unstable regime 
is easily adjustable by altering the time constant C^R^. 

Various other forms of circuit have been devised all oper¬ 
ating on a similar basis, and it is necessary to select or design 
the circuit to suit the particular purpose in mind. 

* Time Bases, by O. S. Puckle (Chapman & Hall). 
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Velocity Modulation. 

When dealing with transient circuits the spot has to move 
over certain parts of the wave at a very rapid rate and the 
brilliance of the resulting trace is reduced. Bedford has sug- 
gested that this can be overcome by including a differentiating 
circuit and applying the resulting voltage, suitably amplified 
if iiccessarv, to tin* modulator grid of the cathodc-ray tube. 
In this way tlic hrinianci‘ of the spot can f)c made in\au\s(dy 
proportional to the speed of movement, so that whem it is 
moving fast it is automatically increased in hrillianee and 
rediKM'd again on the slower portions of tli(‘ trac(‘. 

This system may also be used instead of the permanent bias 
adopted in Fig. 127 for preventing the spot from damaging 
the screen. It is possible for the brilliance to he practically 
zero until the transient arrives, and then to increase in value 
to any desired extent during the actual recording of the 
phenomenon. 

Double-wave Recording. 

A useful accessory to the normal oscillograph is a device for 
showing two waveforms on the screen simultaneously. An 
early method was to incorporate a relay operated from the 
time base. This relay changed over the connections of the 
vertical deflector plates to two amplifiers in turn, so that on 
the first sweep of the time base the first amplifier was con¬ 
nected, and on the second the other amplifier came into 
operation. The two amplifiers, therefore, operate in turn, and 
if the time base is operating at a sufficiently rapid speed, the 
visual persistence of the eye enables two traces to be seen on 
the tube at once. 

Fig. 130 illustrates an electrical method. Two amplifiers 
are employed feeding a common anode resistance, the voltage 
across which is applied to the deflector plates. The grids 
of the amplifier valves are supplied with the voltage to be 
examined from the two different channels, but in addition 
a square-topped pulse is applied in push-pull fashion, so that 
as one amplifier receives a positive impulse the other receives 
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a negative impulse. The normal working conditions of the 
amplifiers are so adjusted that each is normally over-biased. 
The arrival of a positive impulse puts one of the amplifiers 
into a normal working condition whereas the other, which 
receives a negative impulse, is over-biased to such an extent 
that it ceases to amplify. A fraction of a second later conditions 



Fig. 130. Electronic Switching Device 


are reversed and a continuous change-over is automatically 
arranged. 

The position of the spot on the screen is therefore determined 
alternately by each amplifier, and it will therefore trace out 
two waveforms in a series of small dots. By making the change¬ 
over sufficiently rapid relative to the sweep of the time base, 
a practically continuous curve can be obtained, and the method 
has the advantage that it is independent of the speed of the 
time base (subject to the limitation just mentioned) and may 
actually be used to record transient phenomena. 
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By altering the steady bias on one of the amplifiers, two 
waveforms may be displaced vertically so that they may either 
be superposed as in Fig. 35 (p. 51), or separated as in Fig. 101 
(p. 146). Lateral displacement of the waves, however, is not 
possible and in fact they will retain strict phase relation¬ 
ship, which is a very valuable property. In practice, the 



Fio. 131. Improved Type of Electronic Switch 


arrangement is very flexible, it being possible to vary the 
amplitude of each trace quite independently by using the 
gain controls shown. 

This simple circuit has several defects and a more practical 
arrangement, due to F. R. Milsom, is shown in Fig. 131. Here 
the switching impulse is applied to a different electrode. A 
hexode valve is used (actually a triode hexode with the triode 
section no# used). The switching voltage is applied to the 
triode grid, which is connected internally to the modulator 
grid. The application of sufficient negative voltage to this 
grid will render the valve inoperative. 
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The switching voltage is applied from the split transformer 
shown through a diode to a 5 000-ohm resistance, and the 
arrangement is such that current will only flow in such a 
direction as to make the triode grid negative. At any instant, 
therefore, one valve will receive negative bias, causing cut 
off. The other valve will not be affected, because the diode 
will not pass any current when its cathode is positive, and 
normal operation will be obtained. The positions are reversed 
every half-cycle of switching frequency. 

The signal input is applied to the signal grid so that the 
amplifier exhibits a tetrode characteristic to the signal which 
is an advantage, and the separation of signal and switching 
voltages avoids interaction and gives better flexibility. As 
before, the relative levels are controlled by altering the 
steady bias on one of the valves. 

The waveforms are surrounded by a slight haze due to the 
rapid movement of the spot during its change-over, but if the 
circuit is correctly designed this haze is of negligible import¬ 
ance. Satisfactory operation involves making the change-over 
extremely rapid, which means that the amplifiers have to be 
capable of handling frequencies greatly in excess of the 
fundamental change-over frequency, so that a steep-fronted 
waveform can be satisfactorily amplified. For normal work a 
change-over speed of 10 to 30 kc s is adopted with amplifiers 
having a response up to 1 Me s. 

Because of this necessity for rapid change-over, the 
amplifiers should be used immediately prior to the deflec¬ 
tor plates, i.e. the output from the switch should not 
be taken to any further amplifier. Any gain which may 
be required should be incorporated in the individual channels 
prior to the switching. 

Double Beam Tubes. 

Messrs. A. C. Cossor market a double beam tube which has 
proved useful for many purposes. It is of normal construction, 
but has in between the Y plates a “splitter’’ plate connected 
to the anode. The electron beam splits into two at this point 
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and the two beams then pass between the central splitter 
plate and one or other of the Y plates. 

These two beams behave independently and voltages 
apphed to the appropriate Y plate deflect the beam in the 
normal manner so that two independent traces appear on the 
screen. Since the beam had passed between the X plates 
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Fig. 132. Typical Pressure Indicator 


before splitting, both beams are subjected to the same X 
deflection. 

The focus is slightly worse than with a single beam tube, 
and at high frequencies there is some interaction between the 
beams, but in general the arrangement works well and has the 
merit of simplicity. The tube is available separately or in a 
complete oscilloscope with double amplifier. 

Pressure Recording. 

An apphcation of the cathode-ray tube which has come to 
the fore in recent years is that of recording explosion pressures 
in internal combustion engines, or other equipment. It is 
often of great value to be able to determine the manner in 
which the pressure in the cyUnder changes during the travel 
of the piston. For this purpose a small head is inserted in 
the cylinder containing a device which develops an electrical 
voltage in proportion to the pressure. Quartz crystals have 
been used for this purpose, as also have carbon rods which 
change resistance with pressure, or small condenser micro¬ 
phones of the type shown in Fig. 132. The pressure inside the 
cylinder causes the thin diaphragm to flex, and the change 
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in capacitance causes a corresponding change in the current 
in the circuit which can be suitably amplified. 

Fig. 133 shows two indicator diagrams of this type. That 
on the left is for an internal combustion engine while that on 
the right shows the diagram for a steam engine. The hori¬ 
zontal movement of the spot is obtained by a time base of the 



Fig. 18.3. Indicator Diagram for Internal Combustion 
Engine (left) and Steam Engine (right) 

{Mullard Wireless Service Co.) 


normal type, synchronized with the rotation of the engine in 
such a way that it moves once across the screen for one 
complete travel of the piston. 

The engines expert can tell a great deal from these diagfams. 
With internal combustion engines in particular, the pheno¬ 
menon known as pinking is indicated by a sudden increase in 
the slope of the curve towards the top. By providing a differ¬ 
entiating circuit, the rate of change of slope can be examined 
and any sudden increase in the rate of change is at once 
detected. So definite is this, indeed, that it has been incor¬ 
porated in the form of a small indicator w^hich gives immediate 
indication to the pilot of an aircraft if pinking is occurring, 
and he alters his mixture accordingly. 

Similar arrangements are used, for recording stresses on 
various parts of machinery, as, for instance, the pressure 
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developed in the punch of a power press, the vibrations in 
bearings, the strains in propeller blades, etc. Indeed, the field 
here is extremely wide, but as almost every case is different, 
detailed discussion is impracticable. 

The primary device for picking up the pressure, or respond¬ 
ing to the vibration or other movement, varies with the 



Fig. 134. Capacitaxck Micrometer Using R.F. Technique 


circumstances and is usually determined by mechanical 
considerations. The amplifier is then designed in accordance 
with'sthe principles laid down in Chapter IV, with due regard 
for the time constant of the phenomenon under investigation. 
If a high gain is required, the input circuits must be carefully 
screen^ to avoid the pick up of interference. 

Capacitance Micrometers. 

Instead of amplifying the voltage direct, the capacitance 
change can be made to mistune a radio-frequency circuit. A 
form of circuit using this technique is shown in Fig. 134. The 
circuit is .a primary oscillator connected to the grid of a 
triode hexode, the triode anode being coupled via in order to 
maintain continuous oscillation. Amplified voltages appear in 
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the anode circuit and are accepted by the transformer 
of which the secondary is tuned. 

The tuning condenser is made up of a fixed capacitance, a 
variable section and the capacitance micrometer (of the type of 
Fig. 132), connected to the apparatus through a length of 
cable. The variable condenser serves to tune the whole circuit 
(including the line capacitance) to a point just off resonance. 
Any further changes of capacitance (due to the micrometer) 
will then produce a relatively large change in the voltage across 
the grid of and still greater changes in the anode circuit. 

The anode voltage is rectified by a diode giving a steady 
d.c. potential, the value of which varies in direct proportion 
(over a limited range) to the small changes in capacitance of 
the micrometer. Backing-off arrangements (not shown) can 
be employed to offset the steady d.c. potential leaving only 
the change to be examined as required. 

Photographic Recording. 

We may conveniently conclude with a brief reference to the 
photographing of cathode-ray images. Most of the photo¬ 
graphs appearing in this book were taken on steady pattern 
with an ordinary green willemite screen operating at normal 
intensity, and using an exposure of about five seconds with 
an / 4-5 lens. Where conditions permit, this is the most satis¬ 
factory arrangement since it enables the focus of the tube to 
be sharply adjusted and does not involve a high brilliance. 
External light, of course, must be excluded as far as possible, 
the camera being set up in front of the oscillograph screen 
and suitable light shields being erected around it. 

The material used was normal high-speed orthochromatic 
stock nominally of 400 H & D. The exposure time may be 
considerably shortened by using faster film, and a fast ortho- 
chromatic stock is very suitable. The use of panchromatic 
film does not materially improve the results, and it is, of 
course, more difficult to handle in the development. 

Where short exposures are essential a blue (photographic) 
screen should be used. The screen materials here vary with 
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different manufacturers, some being markedly better than 
others, so that hard and fast rules cannot be given; but a blue 
screen is very considerably more actinic than a green screen, 
although to the eye its brilliance may not appear so great. 

The actual spot brilliance depends on the anode voltage and 
the beam current. This is usually higher with a gas focused 
tube, which is sometimes preferable on this account. Using such 
a tube with a blue screen and an anode voltage of about 1 000 
a particularly intense spot is obtained, enabhng satisfactory 
records to be obtained with exposures of a few milUseconda. 
If this does not prove satisfactory then a lens of a wider 
aperture must be used—with modern technique an aperture 
of/4-5 is no longer considered very large. It is quite easy to 
obtain lenses having apertures of /2 or better without great 
expense, and with such lenses very short-time transients can 
be satisfactorily recorded. 

Again, owing to the intensely actinic properties of the blue 
screen normally used for this purpose, there is little advantage 
in using panchromatic stock. Most manufacturers supply film 
which is specially sensitive to this blue region of the spectrum, 
and therefore particularly suitable for cathode-ray recording. 

For single-sweep operation it is necessary, of course, to open 
the shutter of the camera a fraction of a second before the 
impulse is due to pass and to leave it open until the impulse 
has passed by. It is therefore particularly important to ensure 
that no other light is allowed to reach the lens. The illumina¬ 
tion from the heaters of any valves must be guarded against 
in particular, as this is quite sufficient to fog a sensitive film 
or plate left exposed with a wide aperture lens for several 
seconds. 

Difficulties sometimes arise due to general fluorescence of 
the cathode-ray tube, even when the spot is deflected off the 
screen. This is due to stray emission which is not concentrated 
within the beam, but which may nevertheless cause sufficient 
intensity on the face of the tube to produce fogging. One 
remedy for this is to incorporate some circuit for reducing the 
intensity of the emission (e.g. apply an increased negative 
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bias to the shield) until just prior to the arrival of the 
transient. 

Optical Reduction, 

When dealing with high-speed transients appreciable 
improvement can be obtained by using a small optical reduc¬ 
tion, so that the size of the photographic image is less than 
that on the screen of the tube. If and Iq are the intensities 
of the image and object respectively 

/,//o = l/16f (1 + IjRf 

where / is the apertiue and li is the linear reduction ratio. 
For a given aperture, this ratio obviously increases as R 
increases, though little improvement results if R is greater 
than 4, at which point there is an improvement of some 
times, as is shown by the following table— 

R 1 2 3 4 5 6 

1/(1 + IjRY 0-25 0-44 0-56 0-64 0-69 0-73 

The use of an optical reduction also permits the lens to be 
mounted closer to the film, which allows the use of smaller 
physical dimensions, under which conditions apertures of 1*6 
or less are not prohibitively expensive. 

The ultimate criterion is the actual speed of movement of 
the spot, and Messrs. A. C. Cossor quote the following figures 
for the maximum writing speed in km./sec. on the tube screen 
with a 2 : 1 reduction, aperture /I and 1 300 volts on the 
anode. Normal operating speeds would be about one-tenth 
of these figures 

Selochrome Ilford FPl Ilford h}q)er-pan 
D screen (green) 0*02 0*07 0*1 

J screen (blue) 4-3 4-3 6*5 

Knowing the anticipated size and waveform of the image 
to be recorded the maximum writing speed may be calculated 
by simple geometry and appropriate optical arrangements may 
be made to suit. 
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Further information is available in a paper by R. G. 
Hopkinson entitled " Photography of Cathode-Ray-Tube 
Traces” (J. Instn, Elect. Engrs», 1946, Vol. 93, Part IIIA, 
p. 779). 

Other Applications. 

There are numerous other applications which cannot be 
discussed in detail. Heart beats and nerve impulses have been 
satisfactorily recorded on the cathode-ray screen; direction 
finders are in use in which the relative phase of the signals 
received on two directional aerials at right angles are caused 
to produce a diagonal line indicating the angle of arrival of 
the signal; vibrations in machinery due to out-of-balance 
forces may be observed; echo tones due to reverberation of 
buildings can be determined—a principle which can be 
extended to depth sounding and similar investigations; 
commutators of generators and motors may be examined for 
defects during actual running. In fact the use of cathode-ray 
technique is increasing almost daily. 

All these applications utilize the basic principles which have 
been laid down in the preceding pages, and it is hoped that 
the information provided will serve as a groundwork which 
will enable the user to apply this versatile instrument to the 
solution of any problems which he may encounter. 
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Actinic screen, 12, 184 
Afterglow, 12, 129 
Alignment, 18, 25, 36, 45, 118 
Alternator, 49 
Amplified time base, 73 
Amplifier, 87 

- compensation, 102, 162 

-, d.c., 160 

-, faults in, 99 

-, overloading of, 79, 89, 139 

Amplitude distortion, 56, 139 
Attenuator, 95 
A.V.C., 126 

Balanced scan, 33 
Band pattern, 43,101, 150 
Beam, 3, 10 

- current, 6, 8 

-, collection of, 48 

- obstruction of, 15, 38 

Brilliance, 3, 16 
B-H curves, 141 
Bulb charge, 41 
Burning of screen, 40 

Capacitance micrometer, 180 
Cathode follower, 94, 173 
Characteristics of c.r. tube, 4 

-of valves, 90, 131 

Charging time, 59, 64 
Colour of image, 12 
Compensation, 86, 102, 106, 162 
Condenser, charging of, 60, 64, 77 
Constant sweep circuit. 111 
Construction of c.r. tube, 2 
Control ratio, 61 

-valve, 109 

Cut off, 4, 36, 43 
Cylinder, 4 


D.C. circuits, 157 

-restorer, 159 

Deflecting coil, location of, 37 
Deflection, 15, 22 

- amplifiers, 87 

-, direction of, 18, 22, 46, 127, 
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-, electrostatic, 17 

-, excessive, 42 

-, magnetic, 22, 38, 82, 135 

Defocusing, 6, 10, 72 
Delay cable, 172 

- screen, 95, 129, 173 

Differentiation, 120, 168 
Distortion, amplitude, 56, 139 

-, bottom bend, 53, 154 

-, grid current, 53 

-, magnetic, 22, 35, 39 

-, origin, 7, 31 

-, trapezium, 10, 33 

Double beam tube, 179 

- image, 29, 117, 176 

Driven time base, 86, 174 

Earth screen, 31, 81 
Electron gun, 8 
Electronic modulator, 109 

-sweep, 110, 128 

-switch, 51, 146, 176 

Electrostatic focus, 8 
Elliptical time base, 163 

Faults in amplifiers, 99 

-in frequency modulators, 124 

-in setting up tube, 40 

-in time base, 77 

Feedback, 92 
Filter, 30 
Firing point, 61 
Fluorescence, 12, 183 
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Fluorescent screen, 3, 12 
Flyback, 20, 70, 76, 98 

-, elimination of, 109, 112, 137 

Focusing, 5, 9, 34 

-, electrostatic, 8 

-, magnetic, 11 

Frequency comparison, 143 

-modulation, 107 

-response, 87, 100 

-curve, 107, 128 

Gain control, 90 
Gas focus, 5 
-relay, 58, 77 

Hard tubes, 10 
Harmonics, 52, 169 
—*—, analysis of, 140 
Hum, deflection, 84, 103 

-, in frequency modulators, 

127 

-, magnetic, 82 

-, time base, 80 

Indk’AT()h diagram, 181 
Image, colour of, 12 

-, inverted, 47, 127, 135 

-, split, 29. 81 

Integration, 117, 168 
Intensity, 3, 40 
Intermodulation, 85, 105 
Ionization, 6, 58 
Isolation of plates, 27, 40, 45 

Killer, 13 

Leakage,77 
Lens, electron, 8 
Life of tube, 7, 10 
Linearity, 56, 77, 89 
Lining up, of receiver, 126 
Lissajous figures, 144 
Load line, 90, 99 
Looped characteristics, 136 

Magnetic deflection, 22, 38, 136 


Magnetic field, estimation of, 24 

-, strength of, 37 

- focus, 11 

Magnetizing current, 55 
Miller effect, 96, 109 
Modulated envelope, 122 
Modulation, depth of, 156 

- hum, 30 

-pattern, 152 

Modulators, 108 
Multivibrator, 170 
Mumetal, 38 

Negative capacitance, 114 

-^ feedback, 92 

-inductance, 114 

Non-linearity, 58, 77 

Obstruction, 15, 38 
Operating point, choice of, 90 
Optical reduction, 185 
i Origin distortion, 7, 31 
I Oscillation, 17 

I -, parasitic, 125, 163 

j Overloading, 78, 121, 124, 139 
1 

Parasitic oscillation, 125, 163 
Pattern, 17, 43, 98, 151 
Peak va,jue, 17, 91 
! Pentode charging, 63 
Phase, 50, 53 

- angle, 101 

- ellipse, 137 

- of svnchronisrn, 70 

-shift, 21, 88, 98, 102. 136, 

165 

Phasing circuits, 112, 165 
Photography, 98, 183 
Popper, 58 
Potentiometer, 30 
Power supply, 28 
Pressure recording, 180 
Pulses, production of, 169 
Pulse synchronism, 71, 169 
Push-pull amplifiers, 36, 71 
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R.M.S. values, 17, 91 
Radar technique, 170 
Reactor valve, 113 
Recording, 183 
Reservoir condenser, 28 
Resonance curve, 106, 118 
Response curves, low-frequency, 
128 

Ripple, 103 

Saturated diode, 62 
Saturation, 142 
Scan, 31, 78 

-, balanced, 35, 71 

-, partial, 79 

Screen, burning of, 40 

-, delay, 95, 129, 173 

-, photographic, 97 

Self-centring, 45, 134, 159 
Sensitivity, 4, 7, 10, 16, 33 

-, magnetic, 23 

Shield, 4, 6 
Shifts, 26, 82, 

Sine wave, 19, 49 
Single swoop, 171 
Skiatron, 13 
Slave time base, 86, 174 
Smoothing, 28 
Soft tubes, 6 
Softness, 48 
Space charge, 32 
Split image, 29, 81 

-plate system, 32 

Spot size, 6, 14, 38 
Square-top wave, 159, 169 
Stray fields, 37 
Sweep. 67, 117, 129, 133 
- cx])ansion, 73 


Sweep, speed of, 64 
Symmetrical deflection, 33 
Synchronism, 20, 65, 145, 169 
-. absence of, 44 

Thyratron, 58 
j Time base, 19, 57 

I-^ amplified, 71 

I - ^ driven, 174 

i -elliptical, 163 

j -faults in, 77 

U-, h.f., 74 

!-, incorrect speed of, 43 

I -, push-pull, 35, 71 

;-^ zigzag, 166 

I -constant, 78, 119, 159 

I Top loss, 92, 100 
j Transients, 13, 20, 57, 97, 163, 171 
; Trapezium distortion, 10, 33, 72 
■ Triggering, 64, 71, 171 
Tube, characteristics of, 4 

-, construction of, 2 

-, power supply to, 28 

: -, size of, 14 

i Valve characteristics, 131 
Vector, 49 

i Velocity modulation, 7, 176 
Visual persistence, 16 

Waveform, 20 
Willemite, 12 
‘ Work plates, 18 
Writing speed, 7, 185 

Yoke, 25 

; Zigzag time base, 166 
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